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(54) title: NOVEL mODRUGS FOR PHOSPHORUS-CONTAINING COMPOUNDS 
(57) Abstract 

Prodrugs of foimuUi (I)* 
uses, their intermediates, and dieir 
mediod of manufacture are described, 
wherein V is selected from die 
groi^ consisting of -H, arallcyl. 
alicydic, aiyl, substmned aiyl, 
hetmnryl, substituted heteroaryl. 
l-alkenyl, 1-alkynyl, and -B?: at 
together V and Z are onmected 
via 3-5 atoms to farm a cyclic 
group, optionally containing 1 
heteroatom, substftuted with hydroxy, 
acyloxy. alkoxycartxmyloxy. or 
aiyloxycartxmyloxy attached to a 
cartxm atom that is three atoms from 
an oxygen attached to the phosphorus; 
or together V and Z are oxinected 
via 3-5 atoms to fonn a cyclic group, 
optionally containing 1 heteroatom, 
that is fused to an aryl group at die 
beta and gamma position to die oxygen attached to die phosphonis; or together V and W are connected via 3 cart)on atoms to f oiin an 
optionally substimted cyclic group containing 6 carbon atoms and substimtcd with one substituent selected from die group consisting 
of hydroxy, acyloxy, alkoxycarbonyloxy, alkyltiiiocarbonyloxy. and aryloxycarbcmyloxy, attached to a carbon atwn diat is diree atrais 
from an oxygen attached to die phosphorus; W and W are indcpoidcady selected fiOTi die group consisting of -H, aliqrl, aralkyl. 
alicydic, aryl. substimted aryl. bcteroaryl, substimtcd heteroaryl. l--alkcnyl. 1-^alkynyl, and -R^; Z is selected ftom die group consisting of 
-CHR20H. -CHR20C(0)R3. -CHR20C(S)R3. -CHR20C(S)0R3. -CHR20C(0)SR3. -CHR^OCOiR^ -OR^ -SR^ -CHR2N3, -<ai2aryl, 
-CH(aryl)OH. -CH(CH-CR^)OH. -CH(C^2)0H. -R^ -mh. -OCOR^, -OC02R^ -^COR^ -SCOiR^, -NHCOR^ -^COiR^, 
-CH2NIferyl, -(CH2)ir<>R^ and -(CHi)p-SR^ R^ is an R^ or -H; R^ is selected fixan die group consisting of alkyl. aryl, aralkyl and 
alicyclic; and R^ is selected from die group consisting of all^l aralkyl. and alicydic; p is an integer from 2 to 3; witti die provisos diat a) 
^ V, Z, W, and W* are not all -H; and b) when z is -R^ dien at least one of V and W is not-H, or-R'; and M is sdected from die group 
that nttarh^i fo P03^, PzOe^, or P309^ is biologically active in vivo, and tiiat is attached to die phosphonis in formula (I) via a caitxm, 
axygen, or nhmgen atom; and pharmaccuticaily acceptable prodrugs and salts diereof. 
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NOVEL PRODRUGS FOR PHOSPHORTJS-CONTAINmG COMPOUNDS 

Related Application 

This application is a continuation-in-part of Provisional ^)plication Smal Nos. 
5 60/077,164 and 60/077,165, both filed on March 6, 1998, which are incorporated by reference in 
their entirety. 

Field of the Invention 

The present invention is directed towards novel prodrugs of phosphate, phosphonate, and 
1 0 phosphoramidate compounds which in their active form have a phosphate, phosphonate, or 
phosphoramidate group, to tfieir preparation, to their synttietic intermediates, and to their uses. 
More specifically, the invention relates to the area of substituted cyclic 13-propanyl phosphate, 
phosphonate and phosphoramidate esters. 

15 Background of the InvCTtion 

The following description of the background of the invention is provided to aid in 
understanding the invention, but is not admitted to be, or to describe, prior art to the invention. 

Free phosphorus and phosphonic acids and their salts are highly charged at physiological 
pH and therefi>re firequently exhibit poor oral bioavailiability, poor cell penetration and limited 

20 tissue distribution {e.g, CMS). In addition, ttxesc acids are also commonly associated with sevoal 
other properties that hinder their use as drugs, including short plasma half-life due to rqiid rmal 
clearance, as well as toxicities (e,g. renal, gastrointestinal, etc.) (e.g. Antimicrob Agents 
Chemother 1998 May; 42(5): 1 146-50). phosphates have an additional limitation in that they are 
not stable in plasma as well as most tissues since they undergo rspid hydrolysis via the action of 

25 phosphatases {e.g. alkaline phosphatase, nucleotidases). Accordingly, phosphate est^ are 
fiequratly used as a prodrug strategy, especially for water insoluble compounds, since the 
phosphate group ^[lables hi^ water solubility and thereby enables delivery of the drag 
parenterally and is rapidly broken down to the parent drug. 

Prodrugs of phosphorus-containing compounds have been sought primarily to improve 

30 the limited oral absorption and poor cell penetration. In.contrast to carboxyiic acid proesters, 
many phosphonate and phosphate esters fail to hydrolyze in vivo, including simple allqrl esters. 
The most conunonly used prodrug class is the acyloxyalkyl ester, which was first q)plied to 
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phosphate and phosphonate compounds in 1983 by Faiquhar et al. J, P^ry^i ^ci- 72(3): 324 
(1983). The strategy entails cleavage of a caiboxylic ester by esterases to generate an unstable 
hydroxyalkyl intermediate which subsequently breaks down to generate the drug and an 
alddiyde. In some cases this biproduct(e.g.,forinaldehyde)» can be toxic. This strategy is used 
5 to rahance the bioavailability for several drugs. For example, the bis(pivoyloxymefhyl) prodrug 
of the antiviral phosphonate 9-(2-phosphonyhnetfaoxyethyl)adffline (PMEA) has been studied 
clinically for the treatmentof CMV infection and the bis(pivaloyloxymethyl) prodrug of the 
squalene synttietase inhibitor BMS18774S is undergoing clinical evaluation for the treatmrat of 
hyperdiolesterolemia and associated cardiovascular diseases. The marketed mtihypertensive, 
1 0 fosinopril, is a phosphinic acid angiotensin converting enzyme inhibitor that requires the use of 
an isobutryloxyetfiyl groiq> for oral absorption. 

Several other esters have been used as prodrugs of phosphorus-containing compounds. 
For example, aryl esters, especially phenyl esters, are another prodrug class rqsorted to be usefiil 
for Redelivery of phosphorus-contaiiung compounds. DeLambert et al» J. Med. Chem. 37: 498 
1 5 (1994). Phenyl esters containing a carboxylic ester ortho to the phosphate have also been 
described. Khamnei and Torrence, J. Med Chem.: 39:4109-41 15 (1996). 

Benzyl estos are rq>orted to generate the parent phosphoiiic add. In some cases usmg 
substituents at the ortho- or para-position can accelerate ihe hydrolysis. Benzyl analogs with an 
acylated phenol or an alkylated phenol can generate the phenolic conqpound throu^ the action of 
20 enzymes, e.g. esterases, oxidases, eto., which in turn undergoes cleavage at the ben^lic C-O 
bond to generate the phosphonic acid and the potentially toxic quinone metfaide intermediate. 
Examples of this class of prodrugs are described by Mitohell et al., J. Chem. Snc. Peririn Trans, I 
2345 (1992); Brook, et aL WO 91/19721. Still other beni^Uc prodrugs have been described 
containing a carboxylic ester-containing group attached to the benzylic methylrae. Glazier et aL 
25 WO 91/19721. 

Cyclic phosphonate esters have also hceai described for phosphorus-containing 
compounds. In some cases, these compounds have been investigated as potential pho^hate or 
phosphonate prodrugs. Himston et al.. J. Med. Chem. 27: 440-444(1984). The numbering for 
these cyclic esters is shown below: 
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The cyclic 2'^*-difluoro-l ',3'-pn)pane ester is reported to be bydrolytically unstable witii rapid 
generation of the ring-opmed monoester. Stamett et al. J. Med. Chem. 37: 1857-1864 (1994). 

5 Cyclic 3 \S '-phosphate esters of araA, araC and thioinosine have been synthesized. 

Meier et al. J. Med, Chem. 22: 811-815(1979). These compounds are ring-opened through the 
action of phosphodiestorases ^ch usually require one negative charge. 

Cyclic 1 '3*^>ropanyl phosphonate and phosphate esters are reported cQntaining a fused 
aryl ring, i.e. the cyclosaligenyl ester, Meier et al., Bioorp. Med. Chem. Lett. 7: 99-104 (1997). 

1 0 These prodrugs are reported to generate the phosphate by a "controlled, non-enzymatic 

mechanism[s] at physiological pH according to the designed tandem-reaction in two coupled 
steps". The strategy was purportedly used to deUv^ d4-T monophosphate to CEM cells and 
CEM cells deficient in thymidine kinase infected with HIV-1 and HIV-2. 

Unsubstituted cyclic 1 %3*-propanyl esters of the monophosphates of 5*-fluorouridine 

15 fFarquhar et al,. J. Med. Chem. 26: 1 153 (1983^ and ara-A (Farquhar et al., J. Med. ChmL 28: 
1358 (1985)) were prq)ared but showed no in vivo activity, hi addition, cyclic 1 *,3'-propanyl 
esters substituted with a pivaloyloxy methyloxy group at C-1 * was prq>ared for 5-fluoro-2'- 
deoxv-uridinemonophosphate (5-dUMP: fFreed et al.. Biochem. Pharmac. 38: 3193 (1989); and 
postulated as potentially useful prodrugs by others (Biller et al., US 5,157,027). In cells, the acyl 

20 group of these prodrugs uiiderwrat cleavage by esterases to goierate an unstable hydroxyl 
intermediate which rapidly broke down to the fiee phosphate and acrolein following a 6- 
eliminadon reaction as well as formaldehyde and pivalic acid. 

Cyclic phosphoramidates are known to cleave in vivo by an oxidative mechanism. For 
example, cyclophosphoramide is thou^ to undergo oxidation at C-1 * to form the hydroxylated 

25 intermediate, which like the 1 '-substituted cyclic 1 '3 *-pn>pane esters described above, breaks 
down to acrolein and the corresponding phosphoramidate. Cyclophosphoramidates were also 
prepared as potential prodrugs of both 5-FdUMP and araAMP and shown to have modest activity 
in vivo. 

A variety of substituted l\3* propanyl cychc phosphoramidates, wherein 1 ' represents 
30 the carbon alpha to the nitrogen were prepared as cyclophosphamide analogs (Zon, Progress in 
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Med. Chem. 19, 1205 (1982)). For example, a number of 2*- and 3*-substituted proestora were 
prepared in order to decrease the propensity of the a,p-unsubstituted caifoonyl bi-product to 
undergo to a Michael reaction. 2'-Substituents included methyU dimeAyl, bromo, 
trifluoroinethyl^ chloro, hydroxy, and methoxy whereas a variety of groups were used at the 3*- 

5 position including phenyl, methyl, trifluoromethyl, ethyl, propyl, i-propyl, and cyclohexyL 
Analogs with a 3*-aryl group underwent oxidation alpha to the nitrogen and accordingly 
^diibited anticancer activity in the mouse L1210 assay. A variety of 1 '-substituted analogs wm 
also prepared. In general these compounds were designed to be **pre-activated** 
cyclophosphamide analogs fliat bypass the oxidation step by already listing as a 1 '-substituted 

1 0 analog capable of producing the final compound, e.g. hydroperoxide and tfaioetfaer. A series of 
1 '-aryl analogs were also pi^ared in order to oihance the oxidation potCTtial. In contrast to die 
r-hydroperoxy analogs, the 1 '-aryl compounds exhibited either no activity or very poor activity 
in the standard anticancer in vivo screen assay, i.e. the mouse L1210 assay. The lack of activity 
was postulated to arise from the steric hinderance of the phenyl and therefore the limited 

1 5 oxidation of the prodrug. Siqjport for this postulate was the potmt activity of the acyclic phenyl 
keto analog which exhibited activity similar to cyclophbsphanaide. 

Cyclic esters of phosphorus-containing compounds are reported in the chemical 
literature, however they were not tested as prodrugs in biological systems. These cyclic esters 
include: 

20 

[1] di and tri esters of phosphoric acids as reported in Nifantyev et al.. Phosphorus, Sulfur 
Silicon and Related Eelements. 113:1 (1996); Wijnberg et al., EP-180276 Al; 

[2] phosphorus (ID) acid esters. Kryuchkov et aL, Izv. Akad. Nauk SSSR. Ser. Khim. 6: 
25 1244 (1987). Some of the compounds were claimed to be usefiil for the asymmetric synthesis of 
L-Dopa precursors. Sylvain et al., DE3512781 Al; 

[3] phosphoramidates. Shih et al.. Bull. Inst. Chem. Acad. Sim 41 : 9 (1994)3dmundson 
et al., 1 Chem. Res. Svnon. 5: 122 (1989); and 

30 

[4] phosphonates. Neidlein et al., Heterocvcles 3S: 1 185 (1993). 
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Numerous phosphonis-contaiiung compounds are known to exhibit pharmacological 
activity but remain &r fix>m optimal due to one or more of the above-described limitations. 
Some of the activities desoibed include phosphonic acids that are useful as antihypertensives 
and therapy for heart fidlure via inhibition of NEP 24.1 1» phosphonic acids that are useful for 

5 treating a Variety of CNS conditions (stroke, epilq)sy, brain and spiiud cord trauma, etc.) via 
binding to excitory amino acid receptors {e,g. NMDA receptor), bisphosphonic acids that are 
useful for treating osteoporosis, phosphonic acids that are useful as lipid lowering agents (eg. 
squalene synthase inhibitors), phosphonates ttiat are usefiil in treating inflammation (e.g. 
collagenase inhibitors), phosphonates and phosphates that are useful in treating diabetes, cancer 

1 0 and parasitic and viral mfections. 

Phosphates and phosphonates that are known to be particularly usefiil in glucose lowering 
activity and therefore are anticipated to be useful in treating diabetes are compounds that bind to 
the AMP site of fructose 1,6-bisphosphatase (FBPase) as described by Gruber US 5,658,889. 
Other examples of phosphorus-containing drugs include squalene synthetase mhibitors (e.g. 

15 BMS 188494). 

A large class of drugs known to be active against hepatitis are generally nucleoside or 
nucleotide analogs that are phosphorylated inside cells to produce the biologically active 
triphosphate. Exanq>les include Lamivudine (3TC) and Vidarabine (araA). In each case, the 
drug interferes with viral rq>lication via flie triphosphate form through eith^ inhibition of DNA 

20 polymerases or DNA chain termination. Some specificity for virus-infected cells is gained by 
both preferential phosphorylation of the drug by virallyr-encoded kinases as well as by specific 
inhibition of viral DNA polymerases. Nevertheless, all of the nucleoside-based dmgs are 
associated with significant non-hepatic toxicity. For sample, araA frequently produces 
neurological toxicity (40%) with many patioits showing myalgia or a sensory neuropathy with 

25 distressing pain and abnormaUties in nerve conduction and a few showing tremor, dysarthria, 
confiision or even coma. Lok et al., J. Antimicrob, Chemotherap . 14: 93-99 (1984). 

Phosphonic acids also show antiviral activity. In some cases the compounds are 
antivirals themselves (e.g. phosphonoformic acid), whereas in other cases they require 
phosphorylation to the disphosphate, e.g. 9-(2-phosphonyhnethoxyethyl)adenine (PMEA, 

30 Adefovir). Frequently, these compounds are reported to exhibit enhanced activity due to either 
poor substrate activity of the corresponding nucleoside with viral kinases or because the viral 
nucleoside kinase which is required to convert the nucleoside to the monophosphate is down 
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regulated viral resistance. Monophosphates and phosphonic acids, however, are di£5cult to 
deliver to virally-infected cells after oral administration due to their high charge and in the case 
of flie monophosphate instability in plasma. In addition, these compounds often have short half- 
lives (e.gl PMEA, Adefovir) due in most cases to high renal clearance. In some cases, the high 
5 renal clearance can lead to nephrotoxicities or be a iimjorlirnitation in diseases 
where renal function is often compromised. 

Liver cancer is poorly treated wi& current tfierapies. In general, liver tumors are resistant 
to radiotherapy, respond poorly to chemotherapy and are characterized by a high degree of cell 
heterogeneity. Similar compounds as those described for hepatitis are also compounds that are 

1 0 usefiil for cancer (e.g. 2-Fluoroarabmosyladenosine (F-ara-A, Fludarabine), 2'2** 

difluorodeoxycytidine (dPdC, Gemcitabine) and S-fluon>uracil or S-fluon>-2*-deoxy uridine. 

Hepatitis and liver cancer remain pooriy treated witti current therapies due to dose^ 
limiting extrahepatic side effects or inadequate delivery of chemoth^rapeutic agents to the target 
tissue. Efforts to deliver drugs to the liver witii relatively high organ specificity have primarily 

1 5 focused on strategies involving receptor mediated endocytosis (RME). RME transport systems 
are common to normal macrophages, hepatocytes, fibroblasts and reticulocytes. 
Macromoiecules internalized via RME include asialoglycoproteins, LDL, transferrin and insulin. 
Another strategy for drug delivery to the liver uses colloids or liposomes botti of which are 
subject to phagocytosis by the macrophage (Kupfifer cells in liver) and localization in tissues of 

20 the reticuloendothelial system (e.g. liver, spleen and bone). Of diese possible approaches, most 
of the attention has focused on the use of glycoprotein and oligosaccharide drug conjugates as a 
method for organ specific delivery. Natural desialylated glycoproteins, e.g. asialoorosomucoid 
and asialofetuin, neoglycoproteins, e.g. numnosylated and lactosylated albumin, and 
polysachairides such as arabinogalactan have been used to successfiiUy deliver drugs to the liver. 

25 Conjugates of several drug classes have been reported, including the antiviral drug 

araAMP. For example, araAMP conjugated to lactosamiiiated serum dibuiiiin was effective 
treating chronic type B hepatitis without signs of neurotoxicity. Fiume et al.. The Lancet 13 
(1988). Because conjugation of drugs to plasma proteins may have several limitations, including 
uptake by scavenger receptors on non-hepatocytes, inununogenicity and instability of the protein 

30 to conjugation conditions, and in vivo metabolism, efforts have focused on the use of 

oligosaccharide conjugates. One such approach uses arabinogalactan conjugate. The araAMP 
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conjugate is repoitkl to have good activity in woodchucks carrying the hepatitis virus. Enriquez 
ct al.. Bioconi. Chem . 6: 195-202 (1995). 

Limitations in q>proaches described above include drug loading edacity, conqsl^ty of 
the manufacture and characterization of the conjugate, and recq>tor down regulation. Thus, there 
is still a need for prodrugs of phosphorus containing drugs. 

PMPffCTtion of tfa? PrawilBRs 

Figure 1 A depicts the amount of araATP m nmoles per gram of liver found over time 
after i.v. administration of compound 30.1 at 10 mg/kg and 3 mg/kg and aft^ i.v. administration 
of 10 mg/kg araAMP. Significantly higher tiver levels of tiie biologically active araATP was 
found after administration of prodrug 30.1. 

F^re IB depicts tiie amount of araH found in tiie plasma over time afto* i.v. 
administration of prodrug 30.1 at 10 mg/kg and 3 mg/kg and after i.v. administration of 10 
mg/kg araAMP. In contrast to an AMP, virtually no araH (atoxic metabolite) was detected in the 
blood after administration of prodrug 30.1. 

Summary of the lav^ptf qu 

The present invention is directed towards novel prodrugs of phosphate phosphonate, and 
phosphoramidate compounds, their preparation, their synthetic intmnediates, and their uses. In 
one aspect, the invention is directed towards the use of the prodrugs to enhance oral drug 
delivery. Another aspect of the invention is the use of the prodrugs to treat diseases that benefit 
fiom enhanced drug distribution to the liver and like tissues and cells, including hepatitis, cancer, 
liver fibrosis, malaria, other viral and parasitic infections, and metabolic diseases where the Uver 
is responsible for the overproduction of the biochemical end product, e.g. glucose (diabetes); 
cholesterol, fatty acids and triglycerides (hyperlipidemia) (atherosclerosis) (obesity). In anotiio* 
aspect, the prodrugs are used to prolong pharmacodynamic half-life of the drug. In addition, the 
prodrug methodology of the current invention is used to achieve sustained delivoy of the parent 
drug. In another aspect, the prodrugs are used to increase the therapeutic ind ex of the drug. In 
another aspect of the invention, a method of making these prodrugs is described. A furtiier 
aspect is the novel intermediates to ttiese prodrugs. In another aspect, the prodrugs are also 
usefiil in the delivery of diagnostic imaging agrats to the liver. 
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One aspect of the present invention concams compounds that are converted in vitro or in 
vivo to the corresponding phosphonic acid or phosphate monoester and are of formula I 




I 

5 wherein: 

V is selected &om the group consisting of -H, alkyU aralkyl, alicyclic, aryl, substituted 
aiyU heteroaryl, substituted heteroaiyl, l-aUcenyl, 1-alkynyl, and -R^; or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, substituted with hydroxy, acyloxy* alkoxycaibonyloxy, or 
10 aryloxycarbonyloxy attached to a carbon atom that is three atoms fiom an oxygen attached to the 
phosphorus; or 

together V and Z are connected via 3-S atoms to form a cyclic group, optionally 
containing 1 heteroatom, that is fused to an aryl group at the beta and gamma position to the 
oxygen attached to the phosphorus; or 
1 5 togedier V and W are connected via 3 carbon atoms to form an optionally substituted 

cyclic group containing 6 carbon atoms and substituted with one substituent selected fiom the 
group consisting of hydroxy, acyloxy, alkoxycarbonyloxy, alkylthiocarbonyloxy, and 
aryloxycarbonyloxy, attached to a carbon atom that is three atoms &om an oxygen attached to 
the phosphorus; 

20 W and W are independently selected fiom the group consisting of -H, alkyU arall^l, 

alicyclic, aryl, substituted aryl, heteroatyl, substituted heteroaryl, 1-alkenyl, 1-all^yl, and -R^; 

Z is selected fiom the group consisting of -CHR^OH , -CHRte(0)R\ 
<m^OC(S)R\ -CHR^0C(S)0R\ -CHR^OC(0)SR^ -CHR^OC02R^ -OR^ , -SR^ 
-CHR^Ns, -CH2aryl, .CH(aryl)OH, -CH(CH=CRS)0H, <H(CsCR^)OH, -R^ , -NR^, 
25 -OCOR^ -0C02R\ -SC0R\ -SC02R\ -NHCOR^ -NHC02R\ -CHaNHaryl, KCH2V0R\ and 
-(CHjVSR^ 

R^isanR^or-H; 
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is selected from the group consisting of alkyl, aryl, aialkyi^ and alicyclic; and 
is selected from the group consisting of alkyU aralkyl, and alicyclic; 

p is an integer from 2 to 3; 

with the provisos that: 

a) V, Z. W, and W are not all -H; and 

b) whm Z is -R^ then at least one of V and W is not -H. or -R'; and 

M is selected from the group that attached to PO3 , P2O6 , or P3O9 is biologically active 
in wva, and that is attached to ibe phosphorus in formula I via a carbon, oxygen, or nitrogm 
atom; 

and phannaceutically acceptable prodrugs and salts thereof 

The present invention provides several novel methods of making the prodrugs of the 




WW WW 



GK), NH 1>-NR*2» halogen 

present invention. One method relies on the reaction of the following novel P(III) reagent: 



The resulting phosphite is then oxidized to the cyclic phosphate ester. 
A second method relies on the reaction of a novel P(V) reagent: 

y.. V 




GK), NH L^NR* J, -O-aryl, halogen 



\ 
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A third method relies on leactiiig anothra: novel P(V) con^und with a diol: 



M'-G" — ^ NT-G*^ — +diol 

OH L" 



G"=0,NH,|h L" = halogen 




Since these compounds have asymmetric centers, the present invention is directed not 
only to racemic and diastereomeric mixtures of diese compounds, but also to individual 
stereoisomers. The present invention also includes phaimaceutically acceptable and/or useful 
salts of the compounds of formula I, including acid addition salts. The present inventions also 
encompass prodrugs of compounds of formula 1. 



Definitions 

In accordance with the present invention and as used herein, the following terms are 
defined with the following meanings, unless explicitly stated otherwise. 

The term "aryl" refers to aromatic groups which have 5-14 ring atoms and at least one 
ring having a conjugated pi electron system and includes caibocyclic aryl, heterocyclic aryl and 
biaryl groups, all of which may be optionally substituted. Suitable aiyl groups include phenyl 
and furan-2,S-diyl. 

Carbocyclic aryl groups are groups wherein the ring atoms on the aromatic ring are 
carbon atoms. Carbocyclic aryl groups include monocyclic carbocycUc aryl groups and 
polycyclic or fused compounds such as optionally substituted naphthyl groups. 

Heterocyclic aryl groups are groups having fi^m 1 to 4 heteroatoms as ring atoms in the 
aromatic ring and the remainder of the ring atoms being carbon atoms. Suitable heteroatoms 
include oxygen, sulfur, and nitrogeiL Suitable heteroaiyl groups include furanyl, thienyl, 
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pyridyl, pynolyl, N-lower alkyl pynolyl, pyridyl-N-oxide, pyrimidyl, pyrazmyl, imidazolyl, and 
the like, all optionally substituted. 

The tenn '"biaryr represoits aiyl groups containing more than one aromatic ring 
including both fused ring systems and aiyl groups substituted with other aryl groups. Such 
5 groups may be optionally substituted. Suitable biaryl groups include naphthyl and biphenyl. 

The term "alicyclic" means compounds which combine the properties of aliphatic and 
cyclic compounds and include but are not limited to aromatic, cycloall^l and bridged cycloalkyl 
compounds. The cyclic compound includes hetmcycles. Cyclohexenylethyl and 
cyclohexylethyl are suitable alicyclic groups. Such groups may be optionally substituted. 
1 0 The tsan "optionally substituted** or "substituted" includes groiqis substituted by one to 

four substituents, indepmdently selected fiom \owct alkyl, lower aryl, lower aralkyl, lower 
alicyclic, hydroxy, lower alkoxy, lower aryloxy, prafaaloalkoxy, aralkoxy, heteroaryl, 
heteioaryloxy, heteroarylalkyU heteroaralkoxy, azido, amino, guanidino, halo, lower alkylthio, 
0X0, acylalkyl, carboxy esters, carboxyl, carboxamido, nitro, acyloxy, aminoalkyl, 
1 5 alkylaminoaryU alkylaryl, alkylaminoalkyl, alkoxyaryl, arylamino, arall^lamind, phosphono, 
sulfonyK carboxamidoalkylaryK carboxamidoaryl, hydroxyalkyl haloalkyU 
alkylaminoalkylcaiboxy, aminocarboxamidoalkyl, cyano, lower alkoxyalkyl, Iowct peAaloalkyl, 
and arylalkyloxyalkyl. 

The term "aralkyl" refers to an alkyl groi^ substituted widi an aryl grou^^ Suitable 
20 aralkyl groups include benzyU picolyl, and the like, and may be optionally substituted. The term 
**-aralkyl-" refers to a divalent group -aryl-alkylene-. 

The term "-all^laryl-" refers to the group -alk-aryl- where "all^ is an alkylene group. 
'Xower -alkylaryl-'* refers to such groups where alkylene is lower alkylene. 

Tlie term "lower" referred to herein in cormection with organic radicals or conqiounds 
25 respectively defines such as with up to and including 10, preferably up to and including 6, and 
advantageously one to four carbon atoms. Such groups may be straight chain, branched, or 
cyclic. 

The tenns "arylamino" (a), and "aralkylamino" (b), respectively, refer to the ffoup -NRR* 
wherein respectively, (a) R is aryl and R* is hydrogen, alkyl, aralkyl or aryl, and 0>) R is aralkyl 
30 and R' is hydrogen or aralkyl, aryl, alkyl. 

The term "acyl" refers to -C(0)R where R is alkyl and aryl. 
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The torn "caiboxy esters** refers to -C(0)OR where R is alkyU aiyl, aralkyl^ and 
alicyclic, all optionally substituted 

The term ''caxboxyl'* refos to -C(0)OH. 

The teim ''oxo** refSars to K) in an alkyl group. 
5 The temi ^'amino** refers to -NRR* v/herc R and R' are independently selected fiom 

hydrogen, allgrl, aiyU aralkyl and alicyclic, all except H are optionally substituted; and R and R^ 
can form a cyclic ring syston. 

The term "caibonylamino" and "-caibonylamino-*' refi^ to 
RCONR- and -CONR*, respectively, where each R is indqiendently hydrogm or alkyl. 
10 The term •Tialogen" or 'lialo** refas to -F, -CI, -Br and -1. 

The term "-oTcyalkylamino-** refers to -Oalk-NR-, where ^all^ is an alkylene group and 
RisHoralkyl. 

The term "-alkylaminoalkylcaxboxy-" refers to tfie group -alk-NR-alk-C(0)-0- where 
"alk** is an alkylene group, and R is a H or lower alkyl. 
1 5 The term ''-alkylaminocaibonyl-** refers to the group -alk-NR-C(0)- where "alk** is an 

aikylene groiq), and R is a H or lower alkyl. 

The Una "'-oxyalkyl-** refers to the group -0-alk- where ''alk** is an alkylene group. 
The tain '-all^lcaiboxyall^l-** refers to the group -alk-CKO)-0-^^ 
independently an alkylme group. 
20 The term "alkyl" refers to saturated aliphatic groups including straight-chain, branched 

chain and cyclic groups, Alkyl groups may be optionally substituted. Suitable alkyl groiqis 
include methyl, isopropyl, and cyclopropyl. 

The term "cyclic alkyl*' or "cycloalkyl** refers to aU^l groups that are cyclic. Suitable 
cyclic groups include noibomyl and cyclopropyl. Such groups may be substituted. 
25 The tenn^lieterocycUc** and 'lieterocycUc alkyl** refer to cyclic groiq>scoii^^ 

onehetmatom. Suitable heteroatonis include oxygen, sulfur, and nitrogen. Heterocyclic groiq[)s 
may be attached throi^ a nitrogen or through a carbon atom in die ring. Suitable heterocyclic 
groups include pyrrolidinyl, morpholino, morpholinoethyl, and pyridyl. 

The term "phosphono** refers to -PQ3R29 where R is selected fix>m the group consisting of 
30 -H, aU^l, aryl, aralkyl, and alicyclic. 

The term "sulphonyl" or "sulfonyl** refers to -SO3R, vfheace R is H, alkyl, aryl, aralkyl, 
and alicyclic. 
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The tenn "alkenyl" refers to unsaturated ffoups vAuch contain at least one carbon-carbon 
double bond and includes straight-chain, branched-chain and cyclic groups. Alkenyl groups may 
be optionally substituted Suitable alkenyl groups include allyl. 

The tenn "alkynyr refers to unsaturated groups which contain at least one carbon-carbon 
5 triple bond and includes straight-chain, branched-chain and cyclic groiq)s. Alkynyl groups may 
be optionally substituted. Suitable alkynyl groups include e&ynyl. 

The term "alkylene" refers to a divalent straight chain, brandied chain or cyclic saturated 
aliphatic group. 

The tenn "acylox/* refers to the est^ group -OC(0)R, whero R is H, alkyl, alkeiqrl, 
1 0 aU^yl, aryl, aralkyl, or alicyclic. 

The term '"aminoalkyl-" refers to the group NRz-alk- wherein "alk*' is an alkylene group 
and R is selected fiom H, alkyl, aryl, aralkyl, and alicyclic. 

The tenn "-alkyl(hydroxyK* refers to an -OH off ttieiJkylcha^ When diis tmn is an X 
group, the -OH is at the position a to the phosphorus atom. 
1 5 The term ^'alkylaminoalkyl-'* refers to the group 

atkyl-NR-alk- wherein each ''alk*' is an independently selected alkylene, and R is H or lower 
alkyl. 'Tower all^laminoalkyl-" refers to groups where each alkylene group is lower alkylene. 

The term "arylaminoalkyl-** refers to the group aryl-NR-alk- wherein ''alk^ is an aO^lene 
group and R is H, alkyl, aryl, aralkyl, and alicyclic. In ''lower axylaminoalkyl-", the alkylene 
20 groiq) is lower alkylene. 

The term ''alkylaminoaiyl-" refers to the group alkyl-NR-aryl- wherein *'aryr is a 
divalent groiq) and R is H, alkyl, aralkyl, and alicycUc. In 'lower alkylaminoaryl-'*, the alkylwe 
groiq) is lower alkyl. 

The tenn "alkyloxyaryl-*' refers to an aryl ffoup substituted with an alkyloxy group. In 
25 "lower alkyloxyaryl-", the alkyl group is lower alkyl. 

The tenn "aryloxyalkyl-" ref^ to an alkyl groiq) substituted with an aryloxy groiq>. 

The torn "aralkyloxyalkyl-" refers to the group aryl-alk-O-alk- v^erein "allcf is an 
alkylene groiq). I^wer aralkyloxyalkyl-'* refers to such groups where the alkylene groups are 
lower alkylene. 

30 The term "-alkoxy-" or "-alkyloxy-" refers to the group -alk-O- wherein "all^' is an 

alkylene group. 

The term "alkoxy-" refers to the group alkyl-0-. 
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The temi ' -alkoxyaUgrl-" or "-alkyloxyalkyl-** refer to the group *alk-0-alk* wherein 
each "alld' is an mdq>eQdentiy selected alkylene groiq>. In **lower -alkoxyalkyl-", each alkylene 
is lower alkylCTe. 

The tenns "alkylthio-" and ^'-aUgrlthio-" refer to the groups alkyl-S-, and -alk-S-> 
5 respectively, wherein "alk** is alkylene gjmxp. 

The tenn ''-alkylthioallgrl-** refers to the group -alk-S-alk- wherein each '^alk** is an 
independently selected alkylene group. In "lower -alkylthioalkyK* each alkylene is lower 
alkylene. 

The tenns "amido" or "caiboxamido'* refer to NR2-C(0)- and RC(0)-NR'-, y/bscc R and 
10 include alkyl, aryl, aralkyl, and ali(ryrclic. The term does not include urea, -NR'<;;(0)-NR-. 

The term "-all^lcaxboxamido-" or "-alkylcaibonylamino-" refers to the group -aDc- 
C(0)N(R)- wherein '*al]^ is an all^leae group and R is H or lower alkyl. 

The term "^-alkylaminocaibonyl-** refers to the group -alk-NR-C(0)- wherein "alk** is an 
alkylene group and R is H or lowor alkyl. 
1 5 The term "aminocarboxamidoalkyl-** refers to the group NR2-C(0)-N(R)-aIk- wherein R 

is an alkyl group or H and **a]k" is an alkylene group. *Xower 
aminocaifaoxamidoalkyl-" refers to such groiqis whoein "alk** is lower all^lene. 

The term "heteroaiylalkyF' refers to an alkyl group substituted widi a heteroaryl group. 

The tma ''-1,1-dihaloalkyl-'* refers to an X group where the 1 position and therefore 
20 halogens are a to the phosphorus atom. 

The term **p«iialo" refa:s to groups wherein every C-H bond has been replaced with a 
C-halo bond on an aliphatic or aryl group. Suitsible perhaloalkyl groups include 
-CF3 and -CFCI2. 

The term "guanidino" refers to both -NR-C(NR)-NR2 as well as 
25 -N=C(NR2)2 whore each R group is independently selected fiom the group of -H, alkyl, alkenyl, 
alkynyl, aiyl, and alicyclic, all except -H are optionally substituted. 

The term "amidino" refers to -C(NR)-NR2 whwe each R group is independently selected 
from the group of -H, alkyl, alkenyl, alkynyl, aryl, and alicyclic, all except -H are optionally 
substituted. 

30 The t^m "pharmaceutically acceptable salt" includes salts of compounds of formula I 

and its prodrugs derived firom the combination of a compound of this invention and an orgaxuc or 
inorganic acid or base. 
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The term "prodiug" as used herein lefeis to any compound that when administered to a 
biological system generates a biologically active phospli(on)ate compound may be fiirttier 
phosphoylated to produce a biologically active conq)ound either as a result of spontaneous 
chemical reaction(s) or by enzyme catalyzed or metabolic reaction(s). Standard prodrugs are 

5 formed using groups attached to functionality* e.g. H0-» HS-, HOOC-, RiN-, associated with the 
dmg, that cleave in vivo. Standard prodrugs include but are not limited to carboxylate esters 
where the group is alkyl, aryl, aralkyU acyloxyalkyl, alkoxycaibonyloxyalkyl as well as estecs of 
hydroxy!, thiol and aniines where the group attached is an acyl group, an alkoxycaibonyl, 
aminocaibonyl, phosphate or sulfate. The groups illustrated are exemplary, not exhaustive, and 

10 one skilled in the art could prepare other known varieties of prodrugs. Such prodrugs of the 
compounds of formula I, £Edl within the scope of the present invention. Prodrugs are not 
biologically active themselves, but rather must undergo a chemical transformation to produce die 
compound that is biologically activite or is a precursor of die biologically active compound. The 
biologically active compounds include, for example, anticancer aggits, antiviral ag ^s^an d 



1 5 diagnostic imaging agents. 





The structure 




y 



W 



/ 



has a plane of symmetry running through the phosphorus-oxygen double bond when V=W, 



20 W'=H, and V and W are either both pointing up or both pointing down. 



The tern '"bidentate" refers to an alkyl group that is attached by its terminal ends to the 
same atom to form a cyclic group. For example, propylene imine contains a bidentate propylene 
group. 



The term "cyclic r,3*-propane ester", "cyclic 1,3-propane ester'*, "cyclic r,3*-propanyl 



25 ester*', and "cyclic 1,3-propanyl ester" refers to the following: 
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The phrase 'together V and Z are connected via 3-S atoms to form a cyclic group, 
optionally containing one heteroatom, ibat is fused to an aryl group attached at the beta and 
gamma position to the oxygm attached to the phosphorus'* includes the following: 




The tenn *^hosph(orainid)ite" refers to phosphoramidites and phosphites which are 
compounds attached via O or N to -P(OR)(OR*) including cyclic forms. 

The tsrm **phosph(on)ate'' refers to compounds attached via C, O, or N to POa^'. 
1 0 The term '*phosphonate** refers to -C-P03^\ and its acids. 

The term "phosphate*" refers to -0-P03^'» and its acids. 

The term '^phosphoramidate*' refers to -N-PO3 , and its acids. 

X group nomraclature as used herein in formulae n-V describes the group attached to the 
phosphonate and ends with the group attached to the heteroaromatic ring. For example, when X 
15 is all^lamino, the following structure is intended: 

(heteroaromatic ring)-NR-alk-P(0)(0R)2 
Likewise, Y, A, B, C, and D groiq^s and other substiturats of the heteroaromatic ring are 
described in such a way that the term ends with the group attached to the h^eroaromatic ring. 
20 Generally, substituCTts are named sudi that die term ends with ttie group at the point of 
attachment 

The term '"nucleoside" refers to a purine or pyrimidine base, including analogs thereof, 
connected to a sugar, including het^cyclic and caibocyclic analogs thereof 

The term "liver" refers to liver and to Uke tissues and cells that contain the CYP3 A4 

25 isozyme or any other P4S0 isozyme found to oxidize the phosphonate esters of the inventioiL 

Based on Example F, we have found that prodmgs of formula VI and vm are selectively 
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oxidized by the cytochrome P450 isoenzyme CYP3 A4. According to DeWaziers et al (L Pharm. 
Exp. Ther., 253, 387-394 (1990)), CYP3A4 is located in humans in flie following tissues 
(determined by immunoblotting and enzyme measurements): 

Tissues % of Uver activity 

Liver 100 

Duodraum SO 

jejunum 30 

ileum 10 

colon <S (only P4S0 isoenzyme found) 

stomach <5 

esophagus <5 

kidney not detectable 

Thus» "liver"* more preferably refers to the liver, duodraum, jejunum, ileum, colon, stomach, and 
esophagus. Most preferably, liver refers to the liver organ. 

The term "enhancing" refers to increasing or improving a specific property. 

The term "Uver specificity*' refers the ratio: 

rdmg or a drug metabolite in Uver tissue] 

[dmg or a drug metabolite in blood or another tissue] 

as measured in animals treated with the drug or aprodrug. The drug metabolite measured in the 
Uver may or may not be the same metaboUte measured in the other tissue. For example, in 
studies comparing araA and prodrugs of araA, the ratio was determined by measuring the Uvar 
metaboUte araATP and blood metaboUte araH. The ratio can be determined by measuring tissue 
levels at a specific time or may represent an AUC based on values measured at three or more 
time points. 

The term ''increased or enhanced Uver specificity** refers to an increase in the Uver 
specificity ratio in animals treated with the prodrug relative to animals treated with the parrat 
drug. 
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The tenn '^enhanced oral bioavailability" refers to an increase of at least 50% of the 
absorption of the dose of the parent drug or prodrug(not of this invention) fiom the 
gastrointestinal tract Morepreferably itisat least 100%. Measurement of oral bioavailability 
usually refers to measurements of the prodrug, drug, or drug metabolite in blood, tissues, or urine 

5 following oral administration compared to measurements following systemic administration. 

The tsnn ''parmt drug'' refers to any compound which deUvers the same biologically 
active compound This would mclude standard prodrugs, such as esters. This would also 
include drugs such as AZT which can be thought of as a parent drug in the form of MH. In the 
body AZT is first phosphorylated to AZT-POa^* and then finrther phosphorylated to form AZT- 

1 0 triphosphate, which is die biologically active form. The parent drug form Wi only qiplies when 
M is attached via N or O. Preferably, the parent drug is M-POa^" or 
M-H. More preferred is M-POa^ 

The term ^drug metabolite" refers to any compound produced in vivo or in vitro from ttie 
parrat drug, which can include the biologically active drug. 

15 The term ^hannacodynamic half-life" refers to the time after adiniii^^ 

or prodrug to observe a diminution of one half of the measured pharmacological response. 
Pharmacodynamic half-Ufe is enhanced when the half-life is increased by preferably at least 
50%. 

The term 'pharmacokinetic half-life" refers to the time after administration of the drug or 
20 prodrug to observe a dimunition of one half of the drug concentration in plasma or tissues. 
[CHECK] 

The term 'therapeutic index" refers to the ratio of the dose of a drug or prodrug that 
produces ther24)eutically beneficial response relative to the dose that produces an undesired 
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response such as deaths an elevation of markers that are indicative of toxicity, and 

pharmacological side effects. 

The term '^sustained delivery"' refers to an increase in the period in which there is 

adequate blood levels of the biologically active drug to have it therapeutic effect 
5 The term '"bypassing drug resistance'" refers to the loss or partial loss of ther^eutic 

effectiveness of a drug (drag resistance) due to changes in the biochemical pathways and cellular 

activities important for producing and maintaining the biologically active form of the drag at die 

desired site in the body and to the ability of an agent to bypass this resistance through the use of 

alternative pathways and cellular activities. 
1 0 The term '"biologically active drag or agent" refers to the ch^cal entity that produces a 

biological effect Thus, active drags or agents include con^unds which as the free phosphonate 

or phosphate are biologically active, or which must undergo further phosphorylation to be 

biologically active. It does not include MH. 

The term "therapeutically effective amount" refers to an amount that has any beneficial 
15 effect in treating a disease or conditioiL 

The following well known drags are referred to in the specification and the claims. 

Abbreviations and common names are also provided. 

araA; 9-b-D-anibinoftiranosyladenine (Vidarabine) 

AZT; 3'-azido-2*,3'-dideoxythymdine (Zidovudine) 
20 d4T; 2\3'-didehydn)-3'-deoxythymidme (Stavudine) 

ddl; 2\3'-dideoxyinosine (Didanosine) 

ddA; 2',3'-dideoxyadenosine 

ddC; 2\3'-dideoxycytidine (Zalcitabine) 

L-ddC; L-2\3'-dideoxycytidine 
25 L-FddC; L-2\3'-dideoxy-5-fluon)cytidine 

L-d4C; L-3'-deoxy-2*,3'-4idehydrocytidine 

L-Fd4C; L-3'-deoxy-2',3'-didehydio-5-fluorocytidine 

3TC; (-)-2\3'-dideoxy-3'-thiacytidine (Lamivudine) 

1 -b-D-ribofuranosy 1- 1 ,2,4-triazole-3-carboxamide (Ribavirin) 
30 FIAU;' 1 -(2-deoxy-2-fluoro-b-D-arabinofiiranosyl)-5-iodouridine 

FIAC; l-(2-deoxy-2-fluoro-b-D-arabinofuranosyl)-5-iodocytosine 
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BHCG; (±Hla,2b3a)-9-[2,3-bis(hydn>xymethyl)cyclobutyl] guanine 

2'R,5'S(-)-l-[2-(hydroxymethyl)oxathiolan-5-yl]cytosme 

(-)-b-L-2',3*-dideoxycytidine (Zaldtabine) 

(-)-b-L-2'^ *-<iideoxy-5-fluorocytidine 

FMAU; 2*-FluoiX)-5-methyl-b-L-arabino-fiu:anosyliiracil 

BvaraU; l*b-D-arabinofunaiosyl-E-5-(2-biomovinyl)u^ (Sorivudine) 

E-5-(2-bn)movinyl)-2*-deoxyuridine 

Cobucavir 

TFT; Trifluorothymidine (Trifluorothymidine) 

S-piopynyl-l-arabinosyluracil (Zonavir) 

CDG; caibocyclic 2'-deoxyguanosine 

DAPD; (-)-B-D-2,6-diaminopurine dioxolane 

FDOC; (-^B-D- 5-fluon>-l-[2-(hydroxyniethyl)-l,3-dioxolane]cytosinc 

d4C; 3'-deoxy-2*,3'-didehydrocytidine 

DXG; dioxolane guanosine 

FEAU; 2*-deoxy-2'-fluoro-l-b-D-arabino£uranosyl-5-ethyluracil 

FLO; 2*3'-dida)xy-3'-fluoroguanosme 

FLT; 3'-deoxy-3'-fluorothymidine 

FTC; (-)-cis-5-fluoix)-l-[2-{hydn)xymethyl)-13-oxatUokm-^ 

5-yl-caibocyclic 2'Hieoxyguanosine (BMS200,475) 

[l-(4'-hydn)xy-l'^*-butadienyl)cytosine] (Cytallene) 

Qxetanocin A; 9-(2-deoxy-2-hy(koxymethyl-beta-D-erytfan)^^ 

Qxetanocin G; 9-(2-deoxy-2-hydroxymethyl-beta-D-eiythro-oxetanosyl)^^ 

Cyclobut A; (+/-)-9-[(l beta^ alpha,3 beta)-23-bis(hydn)xymethyl)-l-cyclobutyl]adenine 

Cyclobut G; (+/-)-9-[(l beta^ alpha^ beta)-23-bisOiydroxyme%l)-l-cyclobu^l]guanine 

(Lobucavir) 

5 *-fluon)-2'-deoxyuridine 

dPdC; 2*,2*-difluorodeoxycytidine (Gemcitabine) 

araC; arabinosylcytosine (Cytarabine) 

bromodeoxyuridine 

IDU; 5-iodo-2'-deoxyuridine (Idoxuridine) 

CdA; 2-chlorodeoxyadenosine (Cladribine) 

F-ara-A; fluoroarabinosyladenosine (Fludaorabine) 

ACV; 9-(2-hydroxyethoxylmethyl)guanine (Acyclovir) 

GCV; 9-(l,3-dihydroxy-2-propoxymethyl)guanine (gangcyclovir) 

9-(4-hydroxy-3-hydroxymethylbut-l-yl)guanine (Penciclovir) 

(R)"9-(3,4-dihydioxybutyi)guanine (Buciclovir) 

phosphonofonnic acid (Foscamet) 

PP A; phosphonoacetic acid 

PMEA; 9-(2-phosphonylmethoxyethyl) adenine (Adefovir) 

PMEDAP; 9-(2-phosphonylmethoxyethyl)-2,6-KUaminopurine 

HPMPC; (S)-9-{3-hydrDxy-2-phosphonylmethoxypropyl) cytosine (Cidofovir) 

HPMPA; (S)-9-(3-hydroxy-2-phosphonybnethoxypK)pyl) adenine 

FPMPA; 9-(3-fluoro-2-phosphonylmethoxypropyl) adenine 

PMPA; (R)9-(2-phosphonylmethoxypropyl) adenine 
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Detailed Description of the Invention 
The invention is directed to the use of new cyclic phosph(on)ate ester methodology 
which allows compounds to be efficiently converted to phosph(on)ate containing compounds by 
5 p4S0 enzymes found in large amoimts in the liver and other tissues containing these specific 
enzymes. This methodology can be applied to various drugs and to diagnostic imaging agents. 
More specifically, the invention is directed to the use of prodrug-esters of highly charged 
phosphate, phosphoramidate, and phospbonate containing drugs that undergo non-esterase- 
mediated hydrolysis reactions to produce the phosphate, phosphoramidate, and phosph(on)ate 
1 0 containing compounds. Because highly charged phosph(on)ate containing compounds are not 
readily absorbed in the gastrointestinal tract, this prodrug methodology can be used to enhance 
absorption of the active compound after oral administration. 

In another aspect of the invention, this prodrug methodology can also be used to prolong 
the pharmacodynamic half-life of phosph(on)ate-containing drugs because the cyclic 
1 5 phosph(on)ates of the invention can prevent the action of enzymes which degrade the parent 
drag. 

In another aspect of the invention, this prodrag methodology can be used to achieve 
sustained delivery of the parent drug because various novel prodrugs are slowly oxidized in the 
liver at differmt rates. 

20 The novel cyclic phosphonate methodology of the present invention may also be used to 

increase the distribution of a particular drug or imaging agent to the liver which contains 
abundant amounts of the p450 isozymes responsible for oxidizing the cylic phosphonate of the 
present invention so that the firee phosphonate or phosphate is ultimately produced. Accordingly, 
this prodrug technology should prove usefiil m the treatment of liver diseases or diseases where 

25 the liver is responsible for the overproduction of the biochemical end product such a glucose, 
cholesterol, fetty acids and triglycerides. Such diseases include viral and parasitic infections, 
liver cancer, liver fibrosis, diabetes, hyperlipidemia, and obesity. In addition the liver specificity 
of the prodrugs should also prove usefiil in the delivery of diagnostic agents to the liver. 

These specific p450 enzymes are also found in other specific tissues and cells, and thus 

30 this methodology may also be used to increase the delivery of these agents to those tissues. 
In another aspect of the invention, the characteristic that most of the cyclic 
phosph(on)ates of the present invention are metabolized in the Uver to produce the phosph(on)ate 
drag can enable the use of the prodrag methodology of the present invention to increase the 
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therapeutic index of various drugs which tend to have side efifects related to ttie amount of the 
drug or its metabolites which are distributed in exirahepatic tissues. 

In yet ano&er aspect of the invention, the cyclic phosph(on)ate esters of the present 
invention can bypass drug resistance caused by decreased transport into the target cells, 
5 inoeased drug export by transporters, increased drug metabolism, or decreased precursor 
metabolism to the active dnig. 

In another aspect of the invention, novel phosphite and phosphonate intermediates are 
described. 

In another aspect, methods of preparing the cyclic phosph(on)ate prodrugs are described. 
10 Theses aspects are described m greats detail below. 



Enhancing Oral Bioavailabilitv 

The invention pertains to certain cyclic 1 *,3*^ropanyl esters of phosph(on)ates and &e 
use of these esters to deliver, most preferably via oral administration, a therapeutically effective 
1 5 amount of the corresponding phosph(on)ate con^iinds, preferably to an animal in need thereof 
The active drug may be M-POs^^ Alternatively, M-POb^' may instead undergo further 
phosphorylation by kinases to form M-P206^ and/or M-P^Og' as the active drug substance. 

Compounds containing a fiee.phosphonic acid or a phosphoric acid group geaerdSly 
exhibit poor (<2%) oral bioavailability since these groiq)s are highly charged at physiological 
20 pH. Charged groups on compounds with molecular weights greater than 250 Daltons impede 
passive difiiision across cell membranes as well as absorption across the gut epithelial cell lay^. 
Neutral prodrugs of these compounds have therefore been studied since these compounds would 
be more lipophilic and therefore more likely to exhibit improved intestinal permeability. 
Although many prodrug classes have been rq>orted, few have been found that exhibit properties 
25 suitable for drug development. 

The most common prodrug class, and the class almost exclusively used for clinical 
candidates, is ttae acyloxyalkyl esters. These prodrugs, however, often exhibit only a modest 
improvement in oral bioavailability due to poor aqueous stability, poor stability to acidic/basic 
pH and rapid degradation by esterases in the gastrointestinal tract (Shaw & Cundy, Phamu Res. 
30 10, (Suppl), S294 (1993). Another class of prodmgs are flie bis-aryl prodrugs (e.g. DeLombert et 
al. /. Med. Chem. 37, 498 (1994)) which have shown in a few isolated cases to provide good to 
modest improvements in oral bioavailability. The major limitation with this class of compounds 
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is that the prodrug ester often is degraded to the monoacid rapidly in vivo but conversion to the 
parait drug occurs only slowly (sometimes over days) if at all. 

The prodrugs of tiie invention exhibit improved properties that lead to enhanced oral 
bioavailability relative to the parent drug. Several characteristics of the present cyclic 

5 phosph(on)ate prodrugs xnaycontibute to their abiUty to enhance ordbioa^^^ First, the 
prodrugs exhibit good stability in aqueous solutions across a wide range of pHs . In Exanq>le A, 
30.1 was found to be stable for at least seven days in 100 mM potassium phosphate buffo: 
solutions at pH 3, 7 , and 9. This pH stability prevents inmiediate hydrolysis in the mouth and 
GI tract prior to absorption. The pH stability can also be beneficial during formulation of the 

10 product. 

Second, the prodrugs are resistant to esterases and phosphatases which are abundant in 
the gastrointestinal tract The resistance to esterases and phosphatases can be assayed according 
to Example B. In addition. Example C demonstrated that 30.1, 1.1, and 1.2 were not degraded 
by esterases found in fresh rat plasma. Because much of the administered dose remains intact in 

15 the G.I. tract, the compound remains less highly charged flian a free phosphonate which means 
more of the drug can be absorbed by passive diffusion and entor the blood stream. 

Last, the prodrug can limit metabolism at oflier sites on the molecule. For example, the 
prodmgs of the invention eliminate m^abolism of flie purine base of araA by adenosine 
deaminase which is also abundant in the GI tract In Example C, the cyclic 1 '-(4-pyridyl)-3' 

20 propanyl phosphate est^ prodrug of araA was not suscq^tible to deamination by adenosine 

deaminase found in rat plasma. The amine of araA which is normally deaminated by the mzyme 
is protected by the cyclic phosphate moiety. Reduced metabolism at other sites of the molecule 
enables more of the drug to circulate in the blood stream. Although not all of these properties 
will be explicable to every prodn^ of every drug, each of these properties can enable moro drug 

25 to survive the GI tract and be available for absorption. 

The novel prodrug strategy of the invmtion will be useful for the oral delivery of drugs 
that act in the li ver as well as certam drugs that act on targets located in the vascular system or 
extrahepatic tissues. Because the highest concmtration of CYP3A4 (the enzyme responsible for 
activating the novel prodmgs is in the liver, the biologically active drug has a high concentration 

30 in the liver, relative to other tissues. In one aspect, parmt drugs which act in the liver are 
preferred. . 
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drug acreted in the urine after administration of the i.v. parent drug. Analysis of prodrugs of 
FBPase inhibitors in Bxample M shows that tiiese compounds exhibit improved oral 
bioavailability anoss a wide spectrum of prodrugs, with many showing a 2.S-2S-fold increase in 
oral bioavailability. 

5 Prefi^ly, oral bioavailability is enhanced by at least 50% compared to fte parent drug. 

More preferably, oral bioavailability is enhanced by 100%. 

SustamedPeHvCTV 

Drugs that undergo r^id elimination in vivo often require multiple administratiohs of the 

10 dmg to achieve theiapeuticaUy-^fifective blood levels over a significant peri Oftier 
methods are also available including sustained release formulations and devices. Prodrugs that 
breakdown over time can also provide a mettiod for adiieving sustained drug levels, hi general, 
this property has been not been possible with the known phosph(on)ate prodrugs since either 
they undergo rapid hydrolysis in vivo (e.g. acyloxyalkyl esters) or very slow conva:sion (e.g. di- 

15 aryl prodrugs). 

The cyclic phosph(on)ates of the mvention are capable of providing sustained drug 
release by providing a steady release of the drug over time. For example, most phosphates 
undergo dephosphoiylation in vivo within miimtes after systemic administration via ttie action of 
phosphatases present m the blood. Sunilarly, acyloxyall^l esters of these phosphates undergo 

20 r^id estCTase-mediated hydrolysis to the phosphate which then is rapidly dephosphorylated. 
Some prodrugs of the current invention may enable prolonged drug delivery since many of the 
present prodrugs are oxidized slowly over time to the phosph(on)ate in the livers. 

Sustained delivery of tiie drugs is achievable by selecting the prodrugs of formula I that 
are hydrolyzed in vivo at a rate csqpable of achieving thenq>eutically effective drug levels over a 

25 period of time. The cleavage rate of the dmg may depoid on a variety of &ctors, including the 
rate of the p4S0 oxidation, which is dependent on hottx the substituents on the prodrug moiety, 
the stereochemistry of these substituents and the drug itsel£ Moreover, sustained drug 
production will dq)end on the rate of elimination of the intomediate g»erated after oxidation 
and the rate and availability of the prodrug to the liver, which is tiie major site of oxidatipa 

30 Identification of the prodrug with the desired properties is readily achieved by screening the 
prodrugs in an assay that monitors the rate of drug production in the presence of the major p4S0 
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However, some of the phosph(on)ates are exported by organic anion transporters in tbe 
liver and rater &e blood streauL Many pho5ph(on)ates in the blood stream are cleared qiuckly 
by the kidneys. Exanq)les of such compounds arc the FBPase inhibitors described h^:ein and 
PMEA. Such compounds probably will not reach therqieutic levels in extrahepatic tissues. 
5 However, there are some phosph(on)ates and phosphates that are able to remain in circulation 
because they are not rapidly cleared by the kidneys {e,g, NEP inhibitors). Such compounds are 
able to achieve thenq[>eutically effective levels in blood and extrahepatic tissues. Thus, in 
anodier aspect, oral delivery to extrahq)atic tissues of phosph(on)ates which are not cleared by 
the kidneys is preferred. Thus, such parent dmgs that act at sites accessible to Aefinee 

1 0 phosph(on)ic acid such as targets widiin die vasculature system, or enzyme or receptor targets 
that are located on ceU membranes which are ejcposed to the blood or fluid in the intrastiti^ 
space are prefeired. Targets suitable for ttiis aspect of the invention would be targets in which 
the phosphonic acid administered parenterally (e.g. via i.v. injection) produces a 
pharmacological or biochemical response expected to be usefiil for treadng a disease condition. 

1 5 For example, phosph(on)ic acids that inhibit neutral endopq)tidase 24. 1 1 C*NEP 

inhibitors'^ are known to inhibit the degradation of atrial natriuretic &ctor in vivo and to produce 
an associated antihypertensive and diuretic effect (DeLambert et al., J. Med. Chem. 37, 498 
(1994)) which may be useful for the treatment of hypertension and congestive heart failure. 
Since the inhibitors exhibit poor oral bioavailability (<2%\ prodrugs of ttie type described in this 

20 inv«tion could ^shance the oral bioavailability and produce the phosphonic acid following 
prodrug cleavage in the liver. Suitable circulating drug levels are expected after prodrug 
cleavage in the liver, since the liver is known to excrete phosphonic acids into tiie circulation. 
For example, phosphonic acids that inhibit FBPase are exported out of h^atocytes in vitro 
presumably by an organic anion transporter. 

25 Oral bioavailability can also be calculated by con^aring the area under the curve of 

prodmg, drug, and/or metabolite concentration aver time in plasma, liver, or other tissue or fluid 
of interest following oral and i.v. administratioiL In Example M, prodrug 30.1 dmionstrated an 
oral bioavailability of 17.4% by analysis of hqpatic levels of die phosphorylated parent 
compound, ara-ATP, following oral and i.v. administration. 

30 Oral bioavailability can also be measured by comparing the amount of the parent 

compound exreted in the urine, for exan^)le, after oral and i.v. administration of the prodmg. A 
lowCT limit of oral bioavailability can be estimated by comparison with the amoimt of parent 
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enzyme involved in the metabolism, in the presence of liver microsomes or in the p 
hepatocytes. These assays are illustrated in Examples G,D, and E, and I, respective 

It is contemplated that prodrugs of t he presqit inv ention could be combined U 
for example, one prodrug which produces the active agent rapidly to achieve a th crapt 
5 quickly, and another prodrug which would release Hie active agent more slowly over ti 

Examples of drugs with different rates of cleavage are shown m Example S. As 
in this example, the rate of a drag release deprads on the prodrug stereochemistry. 

hnproved Vh^ ^rju\Ynpm\c qalf.Life 

1 0 The pharmacodynamic half*life of a drag can be extended by Ifae novel prodrag 

methodology as a result of botii its ability to produce drag over a sustained period and in some 
cases the longer pharmacokinetic half-life of the prodrag. Both properties can mdividually 
enable therapeutic drag levels to be maintained over an extended period resulting in an 
improvement in the pharmacodynamic half-life. The pharniacodynaniic half-life can be 

1 5 actended by impeding the metabolism or elimination pathways followed by the parent drag. For 
some drags, the prodrags of the present invmtion are able to impede the metabolism or 
elimination pathways followed by ttie paroit drag and tiiereby exist for extmded periods in an 
animal. 

An example of die ability of the prodrag class to uapedc metabolic pathways associated 
20 with the parent drag is shown by the araAMP prodrag (30.1). In comparison to araAMP, 30.1 
shows no ara-hypoxanthine (**arair) which is the known metabolic byproduct of araA produced 
in e.g. plasma and the gastrointestinal tract after oral or i.vyadministration (Example O). 
AraAMP on die other hand is nqpidly and nearly completely conv^ed to araH, which is 
produced by first dephosphorylation to araA via phosphatases followed by deamination of the 
25 base via adenosine deaminase. The prodrag moiety prevents both dephosphorylation and 
deamination fit>m occurring, as shown in Examples B and C. 

A common route of elimination of phosph(on)ate drags is via the kidneys and a 
transporter that recognizes anionic compounds. Complete elimination of phosphonato and 
phosphate containing drags firom the circulation often occurs only minutes after drag 
30 administration (e.g. PMEA). The prodrags of this invention slow the elimination of the drag by 
removing the negative charge until after oxidation and hydrolysis in liver and like tissues. 
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The pnxlrug of FMEA 28.4 results in high PMEA disphosphate levels in the liver. 
Moreover, minor amounts of the parent drug is eliminated via the kidneys (Examples 0 and Q). 
In contrast, PMEA the bis POM prodrug of PMEA result in hig|i levels of PMEA in the urine. . 
Thus, prodrugs of the invention can improve the phannacodynamic half-life by reducing the 
5 amount eliminated by the kidneys. 

Rnhanced Selective Delivery of Agents to the Liver and Like Tissues 

Delivery of a drug to the liv^ with high selectivity is desirable in order to treat liver 
diseases or diseases associated wiA flie abnormal liver properties (e.g. diabetes, hyperlipidonia) 

1 0 with minimal side effects. Efibrts to deliver drags to.the fiv^ with relatively high organ 

specificity have primarily focused on strategies involvmg recqytor mediated endocytosis (RME). 
RME transport systems are common to normal macrophages, hepatocytes, fibroblasts and 
reticulocytes P^leman et al., Biochenu 1 232, 1-14 (1985)]. Macromolecules internalized via 
RME include asialoglycoproteins, LDL, tnmsferrin and insuUiL Another strategy for drag 

15 deUveiy to the hver uses coUoids or Uposomes both ofwUch are subject to phago^^ 

macrophage (Kupffor cells in liver) and localized in tissues of the reticuloendothelial systm 
(e.g. livo:, spleen and bone). Of these possible approaches, most of fiie attention has focused on 
die use of glycoprotein and oligosaccharide drag conjugates as a method for organ specific 
delivery [Meijer, D.ELF. and van der Sluijs, P. Pharm. Res., 6 105-1 18 (1989)]. Natural 

20 desialylated glycoproteins, e.g. asialoorosomucoid and asialofetuin, and neoglycoproteins, e.g. 
inannosylated and lactosy lated albumin, and polysacharrides such as arabinogalactan have been 
used to successfully deliver drags to the liver. 

Conjugates of several.drag classes have been reported, includiiig the antiviral img 
araAMP. For exzsnple, araA-MP conjugated to lactosaminated serum albumin was effective in 

25 treating chronic type B hepatitis witiiout signs of neurotoxicity [Fiume et al.. The Lancet 13 
(1988)]. Because conjugation of drags to plasma proteins may have several limitations, 
including uptake by scavenger receptors on non-hepatocytes, immunogCTicity, instability of the 
protein to conjugation conditions, and in vivo metabolism, efforts have focused on the use of 
oligosaccharide conjugates. One promising approadi uses arabinogalactan conjugates. The 
30 araAMP conjugate is reported to have good activity in woodchucks carrying the hepatitis virus 
[Enriquez, P.M., Jung, C, Josephson, L. Bioconj. Chem, 6, 195-202 (1995)]. Limitations in 
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approaches described above include drag loading capacity, complexity of the manufacture and 
characterization of the conjugate, receptor downregulation, etc. 

The prodrogs of the current invention circumvent tiiese limitations since fliey represent 
simple, low molecular weight modifications of the drag which enable liver-selective drag 
delivery on the basis of the their sensitivity to liver-abundant enzymes. The prodrag cleavage 
mechanism was identified through studies shown in Example L. As shown in Example A, 
prodrags are stable to aqueous solution across a broad pH range and therefore do not undra:go a 
chemical cleavage process to produce the parent drag. In addition the prodrags are stable to 
esterases and blood proteinis (Examples B and C). In contrast to the parent drag, the prodrags are 
rapidly cleaved in the presence of liver microsomes fixmi rats (Example D) and humans 
(^campleE). The drag is also produced in fresUy isohted rat hepatocytes where it is detected as 
the parent drag (Example I) or as a fiiriher metabolite generated by phosphoryation of the drag 
(Example K). Moreover, when the parent drag is an FBPase inhibitor, the production of the drag 
is siq>ported by the ability of die prodrag to result in potent gluconeogenesis inhibition 
(Examples J and W). 

Possible specific enzymes involved in the cleavage process were evaluated duough the 
use of known cytochrome p4S0 inhibitors (Example F). The studies indicate that die isoenzyme 
cytochrome CYP3A4 is responsible based on ketoconozole inhibition of drag fcnmation. 
Moreov^, the recombinant form of CYP3 A4 was shown to catalyze prodrug cleavage Example 
G). 

Analysis of the tissue distribution of CYP3A4 indicates diat it is largely pressed in die 
liver (DeWazieis et al., J. Pharm. Exp. Ther. 253: 387 (1990)). Moreover, analysis of tissue 
homogenates in the presence of prodrugs indicates that only the liver homogenate cleaves the 
prodrag. Kidney, brain, heart, stomach, spleen, muscle,lung, and testes showed no £q[>preciable 
cleavage of the prodrag. 

Evidence of the liver specificity was also shown in vivo after both oral and i.v. 
administration of the prodrags. Administration of the prodrag of araAMP (30.1) i.v. gave liver 
levels of the bioactive drag araATP 2-S-fold greater than achieved by an equivalent dose either 
araA or araAMP (Exan^)le O). In contrast, the prodrag failed to produce detectable amounts of 
the araA bi-product araH, which, as reported in the literature, was readily detected after both 
araA and araAMP administration (Example O). Similariy, the prodrag 30.1 achieved high Uver 
levels without production of the metabolite araH after oral administration. Since the prodrugs 
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aie cleaved by liver abundant enzymes, oral administration may enable even higher liver 
specificity via a first pass efifect Example P demonstrates tiie livor specificity for the prodrug 
28.4 of PMEA compared to PMEA and the bisPOM of PMEA (28 J) (Example Q). 
Administzation of these compounds i.v. led to detection of the active metabolite PMEA 
diphosphate m the liver. In contrast to both PMEA and bisPOM PMEA, prodrug 28.4, showed 
no detectable PMEA in either the blood or urine supporting its hi^ liver specificity (Exmple 
Q). 

Drug was also detected in the liver following admmistration of drugs of formulae VI- 
Vm, shown below:[CHECK NOS.] 

Prodrugs of the following formulas are particularly preferred* 




VI 



vn 



vm 



(EXAMPLES - GET FROM PAUL) 

The mechanism of cleavage could proceed by the following mechanisms. Further 
evidence for these mechanisms is indicated by analysis of the bi-products of cleavage. Prodrugs 
of formula VI generate phenyl vinyl ketone whereas prodrugs of formula VQI were shown to 
generate phenol (Example L). 




Although the esters in the invention are not limited by the above mechanisms, in general, 
each ester contains a group or atom susceptible to microsomal oxidation (e.g. alchohol, benzyUc 
5 methine proton), which in turn generates an intermediate that breaks down to the parent 
compound in aqueous solution via B-elimination of the phosph(on)ate diacid. 

faCT^y^gd Therapeutic In^e;^ 

The prodrugs of Ms invention can significantly increase the therapeutic index CTT*) of 

10 certain drugs. Inmany cases, the increased TI is a result of the high liver specificity. For 

example, araA and araAMP are known to produce significant systemic side effects and that these 
side effects are associated with blood levels of araA byproduct araH. Presumably the side effects 
are a result of toxicities of araH or araA in extrahq)atic tissues (e.g. nerves) which produce e.g. 
the neuropathies associated with the drug in man (>40% of patients receiving araA). 

1 5 Administration of araAMP conjugated to lactosaminated serum albumin led to potent 

antihepatitis activity in man without the peripheral side effects. Studies of the conjugates in rats 
showed that the livei/blood level ratio for araA metabolites in animals treated with araA verses 
the conjugate had shifted approximately 3-fold, which, if a similar shift was found in man, was 
apparently enough to eliminate the side effect As indicated in Example O, prodrug 30.1 showed 

20 a substantial shift in the ratio m comparison with araAMP. 

In some cases, prodrugs of phosphoramidates that imdergo cleavage by liver microsomes 
have been described. These drugs, however, are not used for Uver diseases and are thought to 
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diffuse out of the liver afto: tiie initial oxidation and ttien undergo a slow base catalyzed 
elimination in other tissues and cells to gmorate the biologicaUy active ageat The prodrugs 
described in tiiis invention can be tailored such that the oxidatipn, but especially the elimination 
stq>» are &si and therefore occur primarily in the liver. For example, cyclophosphamide aft^ 

5 oxidation in the Uver and before tiieP-elimiiiation reaction exists as a niixtureo^ 

hydroxylated compound and the ring-opened aldehyde. Only the latt^ compound is converted to 
the phosphonic acid and acroleirL The conversion is slow due to the high propensity of the 
alddiyde to hydrate, undergo recyclization or undergo further oxidation. In fact, the aldehyde 
exists only as a minor component in solution (<S%). Prodrugs of formula Vl-Vn do not readily 

1 0 recyclize, since the carbonyl product is a ketone except when Z=CH20R in formula Vn. 
Ketones do not hydrate to a great extent (<2%), nor do they undergo tiie same metabolism 
associated with the aldehyde. 

Renal toxicity is a common toxicity associated with phosphonic acids. The toxicity 
results from transport, e.g. via the organic anion transporters, of the negatively charged drug into 

1 5 e.g. tubular cells which then accumulate the drug to high concCTtrations unless there is an 
equally efBcient transport of the drug out of the cell via transporters on the basolateral side. 
Many examples have been reported in tfie literature of nq)hrotoxic phosphonic acids, e.g. PMEA 
andHPMPA. Thenovelprodrugof PMEA showed only small amounts of PMEA in tiie urine 
relative to either PMEA or bisPOM PMEA at doses that achieved similar liver drug levels 

20 (Examples O and Q). 

Another common toxicity associated with phosphonic acid drugs is gastrointestinal 
toxicity via in some cases GI erosions. Prodrugs of the current invention can decrease GI 
toxicities, especially toxicities produced by direct action of the drug on the GI tract after oral 
administration, since the largest proportion of the phosphonate is not revealed until after 

25 absorption and cleavage in the liver. 

Severe toxicities are also associated with nearly all anticanco* agents. In an effort to 
decrease these toxicities during treatment of primary or secondary liver cancers, drugs are 
sometimes administared directly into the portal artery (e.g. S-FU and S-FdUMP). The high liver 
specificity of the prodrugs in the current invention suggest that systemic side effects will be 

30 minimized by the novel prodrug approach. 

Non-Mutagenic Prodrugs 



wo 99/45016 



PCrAJS99/04908 



Prodiugs of the invention are graerated by a postulated mechanism involving an initial 
oxidation followed by a ^-elimination reactioa In some cases, e.g. certain prodrugs of formula 
VI and formula Vn, the biproduct of fhe reaction is an d,p-unsaturated carbonyl compound, e.g. 
vinyl phenyl ketone for prodrugs where V= Ph, Z, W and W* = H. Compounds that react wifli 

5 nucleophiles via a Michael addition can lead to certain toxicities, (e.g. acrolein produces bladder 
toxicities) and mutagenic activity. The degree to which these activities limit the use of 
compounds of Formula VI is dependent on the severity of the toxicity and the indicated disease. 

Prodrugs that produce non-toxic and non-mutagenic biproducts are especially preferred 
for the treatment of chronic diseases (e,g. diabetes). Frequmtiy, it is difiBcult to predict the 

1 0 mutagenic properties of a compound. For example, a number of acrylales have been shown to 
produce positive mutagenic responses as indicated by increased chromosome aberrations and 
micronucleus frequencies in cultured L5179Y mouse lymphoma cells (Dearfield et al.. 
Mutagenesis 4, 381-393 (1989)). Other acrylates, however, are negative in this test (J. Tox. 
Envir. Health, 34, 279-296 (1991)) as well as in the Ames test and the CHO assay which 

1 5 measures newly induced mutations at the hypoxanfhine-guanine phosphoribosyltransferase 

(hgprt) locus (Mutagenesis 6, 77-85 (1991)). Phenyl vinyl ketone lacks teratogenic activity in 
rat embryos in culture suggesting that it may not be mutagenic nor highly toxic (Teratology 39, 
31-37 (1989)). 

Since mutagenicity and toxicity are not highly predictable properties, non-mutagenic 
20 prodrugs of fonnula I and their associated bi-products can be readily idmtified by conducting 
well known in vitro and in vivo assays. For example, compounds can be tested in non- 
mammalian cell assays such as the Ames test, a fluctuation test in KL pneumoniae^ a forward 
mutation assay with S. typhimurium, a chromosome loss assay in Saccharomyces cerevisiae , or 
a D3 recombinogenicity assay in Saccharomyces cerevisiae. Compounds can also be tested in 
25 mammalian cell assays such as the mouse lymphoma cells assay (TK+/- heterozygotes of 
L5178Y mouse lymphoma cells), assays in Chineese hamst^ overy cells (e.g. CHO/HGPRT 
assay), and an assay in rat Uver cell lines (e.g. RLl or RL4). Each of these assays can be 
conducted in the presence of activators (e.g. hver microsomes) which may be of particular 
importance to these prodrugs. By conducting these assays in the presence of the hver 
30 microsomes, for example, the prodrug produces products, such as phenol or vinyl ketone. The 
mutagracity of the by-product is measured either directly or as a prodrug where the rsults are 
compared to the parent drug alone. Assays in liver cell lines are a preferred aspect of the 
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invention since these cells have higher glutathione levels, which can protect the cell fiom 
damage caused by a Michael acceptor, as well as greater levels of intracellular enzymes used to 
detoxify compounds. For ^cample, the liver contains reductases that witti some bi-products 
might result in reduction of the caibonyL 

A variety of end pomts are monitored includmg cell growth, colony size, gene mutations, 
micronuclei formation, mitotic chromosome loss, unscheduled DNA synthesis, DNA elongation, 
DNA breaks, morphological transformations, and relative mitotic activity. 

In vivo assays are also known that assess the mutagenicity and cardnogenicicty of 
compounds. For example, a non-mammalian in vivo assay is the Drosophila sex-Unked recessive 
lethal assay. Examples of mammalian in vivo assays include the rat bone marrow cytogenetic 
assay, a rat embryo assay, as well as animal teratology and carcinogenicity assays. 

Resistance Bvpass 

Drug resistance following prolonged treatment is a common finding for anticanc^ drugs 
and antiviral drugs used to treat hepatitis. The mechanisms for the drug resistance have been 
idratified in many cases and involve both decreased drug transport into cancer cells, increased 
drug e?q[)ort, increased drug metabolism and deceased precursor conversion to ttie active drug* 
Many of the drugs used to treat these diseases are drugs that are converted to the corresponding 
triphosphate, which in turn acts as a DNA chain temunator, inhibitor of DNA polymerase or 
inhibitor of reverse transcriptase. In some cases, drug resistance results from a decrease in 
activity of the enzymes responsible for synthesis of a nucleoside mono-phosphate (e.g. kinases 
such as thymidylate kinase or enzymes in the biosynthesis pathway of 5-fluoro-2'-dcoxy UMP). 
Administration of the prodrug generates the monophosphate by a different pathway avoiding ttie 
pathways that cause the resistance to the parent drug. Thus, the prodrugs of the present invention 
can achieve a thenq).eutic effect in cells resistant to the parent drug. 

Tvpes of Parent Drugs 

Various kinds of parents drugs can benefit &om the prodrug methodology of the present 
invention. Parent drugs of the form MH, which are phosphorylated to become the biologically 
active drug are well suited for use in the prodrug methodology of the present invration. There 
are many well known parent drugs of the form MH which become biologically active via 
phosphorylation. For example, it is well known tiiat antitumor and antiviral nucleosides are 
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activiate through phosphoiyladon. These compounds include araA, AZT, d4T, ddl, ddA^ ddC» 
L-ddC, L-FddC, L-d4C, L-Fd4C, 3TC, ribavirin, penciclovir, 5-fluorD-2*-deoxyuridine, FIAU, 
FIAC, BHCG, 2%5'S(->l-[2Khydroxymethyl)oxaMolan-5-yl]cytosme;(->^^ 
dideoxy(^dine, (-)-b-L-2',3'-dideoxy-5-fluoiDcytidine, FMAU, BvaraU. E-5-(2-bromovinyl> 

5 2'-deoxyuridine, Cobucavir, TFT, 5-piopynyH-arabinosyluracil, CDG, DAPD, FDOC, d4C, 
DXG, FEAU, FLO, FLT, FTC, 5-yl-caibocyclic 2*-deoxyguanosme, Cytallene, Oxetanocin A, 
Oxetanocin G, Cyclobut A, Cyclobut G, fluorodeoxyuridine, dFdC, araC, bromodeoxyuridine, 
IDU, CdA, F-araA, 5-FdUMP, Cofonnycin, 2'-deoxycofonnycin, PMEA, PMEDAP, HPMPC, 
HPMP A, FPMP A, and PMPA. 

10 Preferred antiviial drags include: 

araA; 9-b-D-arabinofuranosyladenine (Vidarabine); 

AZT; 3'-azido-2',3'-dideoxyfliymdine (Zidovudine); 

d4T; 2\3'-didehydro-3'-deoxytiiyniidme (Stavudme); 
15 ddA; 2',3'-dideoxyadenosine; 

ddC; 2\3'-dideoxycytidine (Zaldtabine); 

3TC; (-)-2',3'-dideoxy-3-thiacytidine (Lamivudine); 

l-b-D-ribo£uranosyH^,4-triazole-3-caiboxamide ^bavirin); 

PMEA; 9-(2-phosphonyteiethoxyethyl) adenine (Adefovir); 
20 HPMP A; (S)-9-(3-hydroxy-2-phosphonyhnethoxypropyl) adenine; 

ACV; 9-(2-hydroxyethoxyhnethyl)guanine (Acyclovir); 

9-(4.hydroxy-3-hydroxymethylbut-l-yl)guanme (Penciclovir); 

5-yl-caibocyclic 2'-deoxyguanosine (BMS200,47S); and 

phosphonoformic acid (Foscamet). 

25 

More preferred antiviral drags include: 

araA; 9-b-D-arabinofuranosyladenine (Vidarabine); 

AZT; 3*-azido-2',3'-dideoxyttiymdine (Zidovudine); 
30 d4T; 2\3 -didehydro-3*-deoxyiiymidine (Stavudine); 

3TC; (-)-2\3'-dideoxy-3*-thiacytidine (Lamivudine); 

l-b-D-ribofuranosyl-l ,2,4-triazole-3-caiboxamide (Riba 

PMEA; 9-(2-phosphonyhnethoxyethyl) adenine (Adefovir); 

ACV; 9-(2.hydroxyethoxylmethyl)giianine (Acyclovir); 
35 9-<4-hydroxy-3-hydroxymethylbut-l-yl)guanine (Penciclovir); and 

5-yl-caibocyclic 2*-deoxyguanosine (BMS200,475). 

Preferred anticancer drags include: 

40 dFdC; 2',2*-difluorddeoxycytidine (gemcitabine); 
araC ;arabinosylcytosine (cytarabine); 
F-ara-A ; 2-fluon)arabinosyladenosine (fludarabine); and 
CdA ; 2-chlon>deoxyadenosine (cladribine). 
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Drugs containing a phosphonic acid (C-PO3 moiety are also suitable parent rugs 
advantageously used in the presmt invention. These drugs are biologically active either in ttie 
form of MP03^', MP206^, or MP^Ch^. Phosphonic acids that are also suitable for this prodrug 
deUvery strategy include protease irihibitors that are usefiil for example as an 

5 anticancer or antiinflammatory agents. The novel prodrug methodology can be iq)plied to NEP 
mhibitors, (DeLambert et aL 7. Med. Chem. 57:498 (1994)), ACE inhibitors, endothelin 
converting enzyme inhibitors, purine nucleoside phosphatase inhibitors of metalloproteases 
involved in tumor metastasis, and mhibitors of collagenase (Bird et al., J. Med. Chem. 37, 158- 
169 (1994). Moreover, phosphonic acids useful as NMD A antagonists which are useful for 

1 0 treating a variety of conditions, including stroke, head trauma, pain, and epilq)sy. Other 

phosphonic acids that could benefit fiom the prodmg strategies are phosphonic acids reported by 
Squibb that inhibit squalene synthase by Hoechst to be immunomodulators, by Merck to be 
antidepressants, by Ciba-Geigy and Marion Merrel Dow to be immunosiq>pressants via 
inhibition of purine nucleoside phosphorylase, antiviral (e.g. HIV) by Bristol-Myers Squibb, 

1 5 Gilead. Certain antibiotics might be suitable, especially antibiotics such as D-alanine racemase 
inhibitors and fosfomycin and associated analogs. 

The following compounds and their analogs can be used in the prodrug methodology of 
the present invention: 
NEP Inhibitors 

20 (S)-3-[N-[2- [(phosphonomethyl)araino]-3-(4-biphenylyl)propionyl]amino]propionic acid by 
DeLombaert et al in J Med Chem. 1994 Feb 18;37(4):498-51 1 

Collagenase Inhibitors 

N,[N-((R)-l-phosphonopropyl(-(S)-leucyl]-(S)-phenylalanine N-methyl amide by Bird et al.in J 
25 Med Chem 1994 Jan 7;37(l):158-69 

Angiotensin Coverting Enzyme Inhibitors 

(IR)-l-(N-(N-acetyl-L-isoleucyl)-I^tyrosyl)amino-2-(4-hydroxyphOT^ 1- phosphonic acid 
by Hirayama et al. in Jnt JPept Protein Res 1991 Jul;38(l):20-4. 

30 

Endothelin Inhibitor 

CGS 26303 by DeLombaert et al. Biochem Biophys Res Commun 1994 Oct 14;204(1):407-12 

(S, S)-3-Cyclohexyl-2-[[5-(2, 4-difluorophenyl)-2-[(phosphonomethyl)amiao]pent-4- 
35 ynoyl]amino] propionic acid by Wallace et al. J Med Chem 1998 Apr 23;41(9):1513-23 

(S, S)-2-[[5-(2-fluon)phenyl)-2-[(phosphonomethyl)amino]pent-4-ynoyl]amino]-4- 
methylpentanoic acid 
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(S, S>2-[[5-(3-fluon>phenyl>2-[(phosph(momethyl)ain^ ++ainin o]-4- 

metfaylpentanoic acid 

NMDA/AMPA Antagonists 
5 N-phosphonoalIcyi-S-aimnomethylquinoxalin6-23-diones as described in 
Biooig Med Chem Lett 1999 Jan 18;9(2):249-54 

3-(2-caiboxypiperazin-4-yl)-l-propenyl-l-phosphonic acid by Bespalov et al» in Eur J 
Pharmacol 1998 Jun 26;351(3):299-305 

10 

[2-(8,9-dioxo-2,6-dia2abicyclo[5,2.0]non-l (7)-cn-2-yl)-ethyl]phosphonic acid 
DJLr<E)-2-amino-4-[3H]-pn)pyl-5-phosphono-3-p 

6,7HlichIoro-2(lH)-oxoquinoline-3-phosphonic acid by Desos et al in J Med Chem. 1996 Jan 
15 5;39(1):197.206.. 

cis-4-(phosphonomethyl)piperidine-2-caiboxylic acid (CGS 19755) 

Purine Nacleoside Phosphorylase Inhibitors 

20 [7-<2-amino-l,6-dihydro-6<Uoro-9Jy-piirin-9-yI)-l J-dM acid and 

[4-(5-amino-6 J-<hhydn)-7-K>xo-3fl-l ^3rtriazolo[4,5H^ acid 

[[[5-(2-amino-l,6Kiihydio-^xo-9H-piirin-9- yl)pentyl]phosphinico]methyl]phosphonic acid by 
Kelly et al. in J Med Chem 1995 Mar 17;38(6):1005.14 

25 

(2-[2-[(2-amino-l,6-dihydio-^-oxo-9H-purin-9-yl)methyl]-phra^ -phosphonic acid by 

Weibel et al in Biochem Phannacol. 1994 Jul 19;48(2):245-52. 

9-(3,3-Dimethyl-S-phosphonopentyl)guanine by Guida et al. in J Med Chem 1994 Apr 
30 15;37(8):1 109-14. 



Alanine Racemase Inhibitors 

35 DL-(l-Amin(>-2-propenyl)phosphonic acid by Vo-Quang et aL in J Med Chem 1986 
Apr^9(4):579-81 

Squalene Synthase Inhibitors 

l-Hydioxy-3-(methylpentylamino)-propylidene-l,l-bisphosphomc acid by Amin et al. in 
40 Arzneimittelforschung. 1996 Aug;46(8):759-62. 

BMS188494 is POM prodrug of BMS 187745 by Dickson et al. in J Med Chem. 1996 Feb 
2;39(3):661-4, 
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Treatment of Cancer 

The prodrug strategy in ttie current invention encompasses several features that are 
advantageously used in cancer therapies. Many of the known anticancer drugs are nucleosides 
that undergo phosphorylation to the monophosphate and in many cases to the triphosphate. The 
5 prodrug strategy can be effective in the treatment of liver cancer because the drug is cleaved by 
liver-abundant enzymes ^ch suggests that a greater TI will result since much less drug is 
present in the blood and therefore available to produce side effects via distribution to oth^ 
tissues. With these drugs, die monophosphate generated after prodrug cleavage is rapidly 
converted to the triphosphate which in turn causes DNA chain termination, DN A polymerase 

10 inhibition, etc. Theprodrugstrategy also enables bypass of some well-know resistance 

mechanisms including mechanisms involved in the production, export and metabolism of ttie 
monophosphate. Examples of preferred drug candidates tiiat are specifically amenable to ttie 
strategy include, e.g. dFdC, araC, F-araA, and CdA. 

Some prodrugs may result in some accumulation of Hie monophosphate in ceUs. Certain 

1 5 monophosphates are useful for the treatment of cancers, e.g. monophosphates that are potent 

inhibitors of thymidylate synthase. Some TS inhibitors are reported to be moderately effective in 
treating liver cancers. For example, S-FU and S-FdUMP are effective. These drugs, however, 
are plagued by drug resistance and severe side effects. To avoid the latter, S-FU analogs are 
often delivered via the portal artery to achieve the highest possible liver levels. Drug resistance 

20 is also very common. Accordingly, S-FdUMP and associated analogs are suitable targets for the 
prodrug strategy. 

Treatment of Viral Infections : 

Drugs useful for treating viruses that infect the liver and cause liver damage, e.g. hq>atitis 

25 virus strains, exhibit similar properties to the anticancer nucleoside drugs in terns of efficacy, 
side effects and resistance. Prodrugs of drugs such as araA, AZT, d4T, ddl, ddA, ddC, L-ddC, 
L-FddC, L-d4C, L-Fd4C, 3TC, ribavirin, penciclovir, 5-fluoro-2*-deoxyuridine, FIAU, FIAC, 
BHCG, 2'R,5'S(-)-l-[2-(hydroxymethyl)oxathiolan-5-yl]cytosine. (-)-b-L-2*,3'-dideoxycytidine, 
(-)-b-L-2\3'-dideoxy-5-fluorocytidine, FMAU, BvaraU, E-S-(2-bromovinyl)-2'-deoxyuridme, 

30 Cobucayir,TFT,5-propynyl-l-arabinosyluracil,CDG,DAPD,FDOC,d4C,DXG,ra 
FLT, FTC, 5-yl-carbocyclic 2'-deoxyguanosine, Cytallene, Oxetanocin A, Oxetanocin G, 
Cyclobut A, Cyclobut G, fluorodeoxyuridine, dFdC, araC, bromodeoxyuridine, IDU, CdA, F- 
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araA, 5-FdUMP/Ctoformycin, 2'-deoxycofoimycin. PMEA, PMEDAP, HPMPC, HPMPA, 
FPMPA, and PMPA would therefore be useful in treating hepatitis. In some cases, the drugs are 
already targeted for hq>atitis {eg. araA, 3TC, FIAU, BMS 200,975). The prodrugs of ttiese 
copoundis could rahance the efficacy, increase the therapeutic index, improve the 

5 pharmacodynamic half-life and/or bypass drug resistance. Prodrugs ofother agents used to treat 
viral infections other than hepatitis may also be made useful by administration of the prodmgs of 
this invention since the resistance will be delivery of monophosphate (e.g. HSV). Often ihsy 
require pho^horylation to the monophosphate by a viral kinase, which is not present in all 
viruses nor in mammahan cells. The monophosphate is converted to the biologically active 

10 triphosphate by mammalian kinases. Accordingly, delivery of the monophosphate using this 
clan of prodrugs enables treatment of hepatitis by drugs normally used to treat other viral 
infections. 

The following antiviral drugs are preferred: 

araA; 9-b-P-arabinofuranosyladeiiine (Vidarabine); 
1 5 AZT; 3'-azido-2*,3'-dideoxyfhymdine (Zidovudine); 

d4T; 2\3*-didehydro-3'-deoxythymidine (Stavudme); 

ddA; 2'3'-dideoxyadenosine; 

ddC; 2'3*-dideoxycytidine (Zalcitabine); 

3TC; (-)-2%3*-dideoxy-3'-ttuacytidine (Lamivudine); 
20 1 -b-D-ribofuranosyl-1 ,2,4-triazole-3-carboxamide (Ribavirin); 

PMEA; 9-(2-phosphonybnetfaoxyethyl) adenine (Adefovir); 

HPMPA; (S)-9-(3-hydroxy-2-phosphonyhnethoxypropyl) adenine; 

ACV; 9-(2-hydroxyethoxyhnethyl)guanine(Acyclovir); 

9-(4.hydroxy-3-hydn>xymethylbut-l-yl)guaiiine(Pmciclovir); 
25 S-yl-carfoocyclic 2-deoxyguanosine (BMS200,47S); and 

phosphonoformic (Foscamet). 



More prefered are the following antiviral drugs: 
araA; 9-b-D-arabinofiiranosyladenine (Vidarabine); 
30 AZT; 3'-azido-2%3'-dideoxythymdme (Zidovudine); 

d4T; 2*,3'-didehydro-3*-deoxythymidine (Stavudine); 
3TC; (-)-2*,3'-dideoxy-3'-thiacytidine (Lamivudine); 
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l-b-D*ribofuranosyl-l,2,4*triazole-3-carboxam 
PMEA; 9-<2*phpsphonylmethoxyethyl)adeniiie (Adefovir); 
ACV; 9-(2-hydioxyethoxylmethyl)guanme (Acyclovir); 
9-<4-hydroxy-3-hydioxymethylbuM -yl)giianine ^enciclovir); and 
5 S-yl-caibocyclic 2'-deoxygaanosine ^MS200,475). 

Treatment of Diabetes: 

A variety of phosphonic acids have been described that are useful in inhibiting ttie 
enzyme fructose 1 ,6-bisphosphatase (FBPase) and flux tfarou^ the pathway that uses FBPase 

1 0 activity, iiameiy gluconeogenesis. Inhibition of gluconeogenesis results in significant blood 
glucose lowering in diabetic animals. As with other phosphonic acids, these compounds are 
poorly orally bioavailable and exhibit short plasma half-lives. Prodrugs of compounds from the 
following structural classes are cleaved by cytochrome p4S0 CYP3 A4, rat and human liv^ 
microsomes, rat hepatocytes. The prodnigs exhibit enhanced oral bioavailability and good liver 

15 drug levels. 

The phosphate and phosphonate compounds may be inhibitors of FBPase activity, 
preferably with ICSOs of about 10 (iM on the human liver eozyme^ or are other compounds witti 
a biological activity such that they are usefiil in prevrating or treating diseases or conditions, 
e.g., viral infections, cancor, hyperiipidemia, liver fibrosis, and parasitic infections such as 

20 malaria. The esters increase oral bioavailability of the parent compound and preferably achieve 
an oral bioavailability of greater than S%. 

Compounds that exhibit glucose lowering activity in vivo and bind to the AMP site of 
FBPase as the corresponding 5 -mono-phosphate are compounds represented by formula A 
where Y is hydroxy, acyloxy or alkoxycaifoonyloxy; £ is selected fix>m group consisting of 

25 hydrogen, alkyl, amino or halogen; 



O 




A 
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L and J are indepradently selected fidm the group consisting of hydrogen, hydroxy, acyloxy or 
when taken together form a lower cyclic ring contauiing at least one oxygra; and A is selected 
fiom the gioiQ) consisting of amino and lower alkyl amino; and pharmaceutically acceptable salts 
ttiereof 

5 Phosphonates containing a purine, benzimidazole, indole or imidazopyridine also bind to 

the AMP site of FBPase and lower glucose in diabedc animal models. WO 98/39344, WO 
98/39343, and WO 98/39342. These compounds are represented by formulae B - D. Prodrugs 
of these compounds are considered of potential use in oral delivery. 




B 

10 

A 




D 

Esters disclosed in the invention are converted to the parent phosph(on)ate in cells and 
1 5 tissues, especially hepatocytes and liver, as indicated by measurement of the intracellular drug 
metaboUtes in hepatocytes using the procedure described in Example I and by the inhibition of 
glucose production by rat hepatocytes when M-P03^~ is an FBPase inhbitor (Example J). 



Treatment of Hvoerlipidemia: 
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Phosphoiuc acids aie known to produce an antihyperli^^ 
antihyperlipidemic activity is associated with inhibition of squalme synthase. The diugs ^chibit 
poor oral bioavailability. For example BMS 188494 exhibited <2% oral bioavailability in 
rodents. The bisPOMdiester provided modest improvement. l-Hydroxy-3- 
5 (methylpmtylamino>-propylidene-l,l-bi^hosphonic acid and BMS 187745 are preferred 
squalene synthetase inhibitors for use m tiie preset invention. 

Treatment of Liver Fibrosis: 

A variety of compounds are reported to be useful in treating Uvct fibrosis that are also 
1 0 compounds suitable for the prodrug strategy described in this invention. For example, N,[N- 
(CR>l-phosphonopropyl(l-(SHencyl]-(S)-phenylalanine N-methyl amide was described ttutf 
inhibit coUagenase (Bird et al. J. Med. Chem, 57:158-169 (1994)). 

Preferred Compounds 

1 5 The compounds of the invention are substituted 6-membered cyclic 1 3-propane diester 

prodrugs of certain phosphates, phosphonates and phosphoramidates (M-POj") as represented by 
Formula I: 




wharein: 

20 V is selected from the group consisting of -H, alkyl, aralkyl, alicyclic, aryU substituted 

aiyl, heteroaiyU substituted heteroaryl, 1 -alkenyl, l-alkynyl, and -R^; or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containing 1 hetmatom, substituted with hydroxy, acyloxy, alkoxycaifoonyloxy, or 
aryloxycaibonyloxy attached to a carbon atom that is three atoms from an oxygen attached to the 
25 phosphorus; or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, that is fused to an aryl group at the beta and gamma position to tiie 
oxygen attached to the phosphorus; or 
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together V and W are connected via 3 caibon atoms to form an optionally substituted 
cyclic groiq) containing 6 carbon atoms and substituted with one substiturat selected fiom the 
group consisting of hydroxy, acyloxy, alkoxycaibonyloxy, alkylthiocaibonyloxy, and 
aiyloxycaibonyloxy, attached to a carbon atom that is three atoms fipom an oxygen attached to 
the phosphorus; 

W and W are independently selected fiom the group consisting of -H, allcyl, aralkyl, 
alicyclic, aryl, substituted aryl» heteroaryl, substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R^ 

Z is selected fiom the group consisting of -<::HR^0H , ^CHR^OC(0)R^ 

-CHR^0C(S)R\ -CHR^OC(S)OR^ -CHR^OC(0)SR^ -CHR^0C02R\ -OR^ , -SR^ 

-CHR?N3, -CH2aryl, -CH(aryl)OH. -CH(CH=CR^)OH. -CH((>CR^)OH, -R^ , -NR^, 

-0C0R\ -0C02R\ -SCOR^ -SC02R\ -NHCOR^ -NHC02R\ -CH2NHaiyl. -(CH2)p-0R\ and 

-(CH2VSR'; 

R^isanR^or-H; 

R^ is selected from the group consisting of alkyU aryl, aralkyl, and alicyclic; and 
R^ is selected fiom the group consisting of alkyl, aralkyl, and alicyclic; 
p is an integer fiom 2 to 3; 
with the provisos that: 

a) V,Z,W,andWarenotall-H;and 

b) when Z is -R^ then at least one of V and W is not -H, or -R^ and 

M is selected fiom the group that attached to VO^ , P206^, or PsOq^ is biologically active 
in vivo, and that is attached to the phosphorus in formula I via a carbon, oxygen, or nitrogen 
atom; 

and phaimaceutically acceptable prodrugs and salts thereof. 

In the composition, method of use, and prodrug plus effect claims, the following 
compounds are preferred. 

In general, preferred substituents, V, Z, W, and W* of formula I arc chosen such that they 
exhibit one or more of the following properties: 

(1) enhance the oxidation reaction since this reaction is likely to be the rate determining 
step and therefore must compete with drug elimination processes. 

(2) the prodrug is stable in aqueous solution and in the presence of other non-p4S0 
enzymes; 
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(3) fhe prodrug is not charged or of hi^ molecular weight since both prbp^es can limit 
oral bioavailability as well as ceU penetration; 

(4) promote the p-elimination reaction following the initial oxidation via one or more of 
the foUowmg properties: 

a) M to recyclize after ring opening; 

b) undergo limited covalent hydration; 

c) promote p-elimination by assisting in the proton abstraction; 

d) impede addition reactions that form stable adducts, e.g. ttiiols to the 
hydroxylated product or nucleophilic addition to the carbonyl generated after ring opening; and 

e) limit metabolism of reaction mtennediates (e.g. ring-opened ketone); 

(5) lead to a non-toxic by-product with one or niore of the following characteristics: 

a) non mutagenic; 

b) poor Michael acceptor, 

c) electron donatmg groups that decrease double bond polarization; 

d) W groups that sterically block nucleophilic addition to ^-carbon; 

e) Z groups that eliixiiimte the double bond after the eUmination reaction either 
through retautomerization (enol->keto) or hydrolysis (e.g. enamine); 

f) Z groups that form a stable ring via ^fichael addition to double bond; and 

g) groups that CThance detoxification of die byproduct by one or more of the 
following characteristics: 

(i) confine to liver; and 

(ii) make susceptible to detoxification reactions (e.g. ketone reduction); 

and 

(6) capable of generating a pharmacologically active product 

Suitable alkyl groups include groups having fiom 1 to about 20 carbon atoms. Suitable 
aryl groups include groups having fix)m 1 to about 20 carbon atoms. Suitable aralkyl groups 
include groups having fiiom 2 to about 21 carbon atoms. Suitable acyloxy groups include groups 
having fiom 1 to about 20 carbon atoms. Suitable alkylene groups include groups having fixnn 1 
to about 20 carbon atoms. Suitable alicyclic groups include groups having 3 to about 20 carbon 
atoms. Suitable heteroaryl groups include groups having fiom 1 to about 20 carbon atoms and 
fiom 1 to 5 heteroatoms, preferably independently selected fiom nitrogen, oxygen, phosphorous. 
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and sulfur. Suitable hetaoalicyclic groups include ffoups having from 2 to about twenty carbon 
atoms and from 1 to 5 h^eroatoms, preferably independently selected from nitrogra, oxygen, 
phosphorous, and sulfur. 

In one preferred aspect, M is attached to the phosphorus in formula I via an oxygen atom. 

5 Preferably, M is a nucleoside. Preferably, M is attached via an oxygen that is in aprimary 
hydroxyl group on a ribofiiranosyl or an arabinofuranosyl group. In another aspect, it is 
prefened when M is attached via an oxygen in a hydroxyl on an acyclic sugar it is preferred 
when such MH is ACV, GCV, 9-(4-hydroxy-3-hydroxymethylbut-l-yl)guanine, or (R>-9-(3,4- 
dihydroxybutyl)guanine. 

10 In gaieral, it is preferred that when M is attached via an oxygen, said oxygen is in a 

primary hydroxy groiq). In such an instance, it is preferred that MH is araA, AZT, d4T, ddl, 
ddA, ddC, L-ddC, L-FddC, L-d4C, L-Fd4C, 3TC, ribavirin, penciclovir, 5-fluoK)-2*- 
deoxyuridine, FIAU, FIAC, BHCG, 2'R,5'S(-)4-[2<hydroxymethyl)oxathiolan-5-yllcy^ (- 
)-b-L-2%3*-dideoxycytidine, (-)-b-L-2*,3'-dideoxy-5-fluon)cytidine, FMAU, BvaraU, E-5-(2- 

1 5 bromovinyl)-2'-deoxyuridine, Cobucavir, TFT, S-propynyl-l-arabinosyluracil, CDG, DAPD, 
FDOC, d4C, DXG, FEAU, FLO, FLT, FTC, 5-yl-carbocyclic 2*-deoxyguanosine. Cytallrae, 
Qxetanocin A, Qxetanocin G, Cyclobut A, Cyclobut G, fluorodeoxyuridine, dFdC, araC, 
bromodeoxyuridine, IDU, CdA, F-araA, 5-FdUMP, Coformycin, or 2*-deoxycofoimycin, 

Another preferred group of compounds with M attached via oxygen are M as a con^und 

20 of formula n: 




E is selected from the group consisting of allQ^l, amino or halogoi; 
L and J are indepradently selected from the group consisting of hydrogen, hydroxy, 
25 acyloxy, alkoxycarbonyloxy, or when taken together form a lower cyclic ring contaming at least 
one oxygen; and 
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A is selected from the group consisting of amino and lower alkylamino; and 
pharmaceutically accq)table salts thereof. 

In anottier aspect, compounds of formula I wherein M is attached to the phosphorus in 
formula I via a carbon atom are prefened. In such compounds, prefoably M-POa^' is 
5 phospohonoformic acid, or phosphonoacetic acid. 

For compounds where M is attached via a caifaon atonoi, it is also preferred when M 
is a compound of formula m: 



A 




wherein 

10 A is selected from the group consisting of -NR*2» NHSOaR^, -OR^, -SR^, halogen, lower 

alkyl, -CON(R^, guanidine, aniidine, -H, andpeifaaloalkyl; 

E is selected from the group consisting of -H, halogen, lower alkyltfaio, lowor 

7 

perhaloalkyl, lower alkyl, lower alkenyl, lower alkynyl, lower alkoxy, -CN, and -NR 2; 
X is selected from the group consisting of alkylamino, alkyl, alkenyl, alkynyl, 
1 5 alkyl(carboxyl), alkyl(hydroxy), alkyl(phosphonate), alkyl(sulfonate), aryl, alkylaminoalkyl, 
alkoxyalkyl, alkylthipalkyl, alkylthio, alicyclic, 1,1-dihaloalkyl, carbonylalkyl, 
alkylaminocaibonyl, alkylcarbonylamino, aralkyl, and alkylaryl, all optionally substituted; or 
together with Y forms a cyclic group including cyclic alkyl, heterocyclic, and aryl; 

Y is selected from the group consisting of -H, alkyl, alkenyl, alkynyl, aryl, alicyclic, 
20 aralkyl, aryloxyalkyl, alkoxyalkyl, -C(0)R\-S(0)2R\-C(0^^ 

-CONHR*', -NR^2> -0R\ all except H are optionally substituted; or together with X forms a 
cyclic group including aryl, cyclic alkyl, and heterocyclic; 

is independently selected from the group consisting of -H, Iowct alkyl, lower 
alicyclic, lower aralkyl, and lower aryl; 
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is selected fiom the group consisting of lower alkyl, lower aiyl, lower aralkyU and 
lower alicyclic; 

is indepmdently selected fiom the group consisting of -H, and lower alkyl; 

7 

R is independently selected fiom the group consisting of -H, lower allcyrl, lower 

alicyclic, Iowct aralkyl, lower aiyl, and -C(0)R^^; 

R' is independently selected fiom the group consisting of -H, lower alkyl, lower andkyl, 
lower aryl, lower alicyclic, -C(0)R'^ or together they form a bidentate allqrl; 

R^^ is selected fiom the group consisting of -H, lower alkyl, -NH2, lower aryl, and lower 
pedialoalkyl; 

R^ ^ is selected fiom the groiq) consisting of alkyl, aiyl, -OH, -NH2 and 
-OR^and 

phaimaceutically acceptable prodrugs and salts thereof 

For compounds where M is attached via a carbon atom, it is also preferred when M is a 
compound of formula IV: 



A 




wherein: 

A, E, and L are selected fi:om the group consisting of -NR^2> -NO2, -H, -OR^, -SR^, 

-C(0)NR^2, halo, -COR^ -S02R\ guanidine, amidine, -NHS02R\ -S02NR^2, -CN, 
sulfoxide, perhaloacyl, peAaloalkyl, perhaloalkoxy, C1-C5 alkyl, C2-C5 alkenyl, C2-C5 
alkynyl, and lower alicyclic, or together A and L form a cyclic groxip, or together L and E form 
a cyclic group, or together E and J form a cyclic group including aryl, cyclic alkyl, and 
heterocyclic; 
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J is selected from the group consisting of -NR^2, -NO2, -H, -OR', -SR\ -C(0)NR 2» 

halo, -C(0)R^^ , -CN, sulfonyl, sulfoxide, perhaloalkyl, hydioxyalkyU perhaloalko?or, alkyl, 
haloalkyl, aminoalkyl, alkenyU aDcynyl, alicyclic, aryl, and aralkyl, or together with Y forms a 
cyclic group including aryl, cyclic alkyl and heterocyclic all^l; 

5 X is selected from the groiq) consisting of alkylamino, alkyl(hydroxy), alkyl(caiboxyl), 

alkyl(phosphonate), alkyl, alkenyl, alkynyl, alkyl(sulfonate), aryl, caibonylalkyl, 1,1- 
dihaloalkyl, alkylaminoalkyl, alkoxyalkyl, alkylthioalkyl, alkylthio, alkylaminocaibonyi, 
alkylcarfoonylamino, alicycUc, aralkyl, and alkylaryl, all optionally substituted; or together with 
Y forms a cyclic group includmg aryl, cyclic alkyl, and hetmcyclic; 

10 Y is selected from the group consisting of -H, allsyl, alkmyl, alkynyU aryl, alicyclic, 

aralkyl, aryloxyalkyl, alkoxyalkyl, -C(0)R\ -S(0)2R^ -C(0)-0R\ -CONHR^ -NR^ and 
-OR^, all except -H are optionally substituted; or together with X forms a cyclic group includmg 
aryl, cyclic alkyl, and hetCTOcyclic; 

R^ is independenUy selected from the group consisting of -H, lower alkyl, lower 
1 5 alicyclic, lower aralkyl, and lower aryl; 

R^ is selected from the group consisting of lower alkyl, lower aryl, lower aralkyl, and 
lower alicyclic; 

R^ is independentiy selected from the group consisting of -H, and lower alkyl; 
R^ is independently selected from the group consisting of-H, lower alkyl, lower 

20 alicycUc, lower aralkyl, lower aryl, and -C(0)R^^; 

is independently selected from the group consisting of -H, lower alkyl, lower aralkyl, 
lower aiyl, lower alicyclic, -C(0)R^*^, or together they forai a bidentate alkyl; 

R^^ is selected from the group consisting of -H, lower alkyl, -NH2, lower aryl, and lower 
peifaaloalkyl; 

25 R^ ^ is selected from the group consisting of alkyl, aiyl, -OH, -NH2 and 

-OR^; an4 

phaimaceutically acceptable prodmgs and salts thereof; with the provisos that: 

g 

a) when X is alkyl or alkene, then A is -NR 2; 
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b) X is not alkylamine and alkylaminoalkyl when an alkyl moiety is substituted with 
phosphonic esters and acids; and 

c) A, L, E, J, Y, and X together may only form 0-2 cyclic groups. 

5 Preferred A, and E groiqps include -H, *NRS, -NO2, hydroxy, alkylaminocaibonyl, 

halogen, -0R\ -SR\ lower perhaloalkyl, and Cl-CS all^l, or together E and J form a cyclic 
group. Such a cyclic group may be aromatic, cyclic alkyl, or heterocyclic alkyl, and may be 
optionally substituted. Suitable aromatic groups include thiazolidme. Particularly preferred A»L 
and £ groups are -NR^a* -H, hydroxy, halogen, lower alkoxy, lower perhaloalkyl, and lowo: 
10 alkyl. 

Preferred A groups include, -NR*2> -H, halogen, lower perfaaloalkyl, and lower alkyl. 
Preferred L and E groups include -H, lower alkoxy, lower alkyl, and halogen. 
Preferred J groups include -H, halogen, lower alkyl, lower hydroxylalkyl, 
-NR^2, lower R*2N-alkyl, lower haloalkyl, lower perfaaloaikyl, lower aUcenyi, lower aikynyl, 
1 5 lower aryl, heterocyclic, and alicycUc, or together with Y forms a cyclic group. Such a cyclic 
group may be aromatic, cyclic alkyl, or heterocyclic, and may be optionally substituted. 
Particularly preferred J groups include -H, halogen, and lower alkyl, lower hydroxyalkyl, -NRS, 
lower R^2N-alkyl, lower haloalkyl, lower alkenyl, alicyclic, and aryl. Especially preferred are 
alicychc and lower alkyl. 
20 Preferred X groups include aUcyl, aikynyl, aryl, alkoxyalkyl, alkylthio, 

alkylaminocarbonyl, alkylcarbonylamino, 1,1-dihaloalkyl, carbonylalkyl, alkyl(OH), and 
alkyl(sulfonate). Particularly preferred is heteroaryl, alkylaminocarbonyl, 1,1-dihaloalkyl, 
alkyl(sulfonate), and alkoxyalkyl. Also particularly preferred are heteroaryl, 
alkylaminocarbonyl, and alkoxyalkyl. Especially preferred are methylaminocarbonyl, 
25 methoxymethyl, and fiiranyl. 

In one preferred aspect X is not substituted with a phosphonic acid or ester. In another 
preferred aspect, when X is substituted with a phosphonic acid or ester, then A is -N(R^)2 and Y 
is not -H. In another preferred aspect, when X is aryl or alkylaryl, these groups are not linked 
1,4 through a 6-membered aromatic ring. 
30 Preferred Y groups include -H, alkyl, aralkyl, aryl, and alicyclic, all except -H may be 

optionally substituted. Particularly preferred are lower alkyl, and alicyclic. 
Preferred R^ and R^ groups include -H, and lower alkyl. 
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In one preferred aspect A, L, and E are independently 
-H, lower alkyl, hydroxy, halogen, lower alkoxy, lower peihaloalkyl, and -NR^; X is aryl, 
alkoxyalkyl, alkyl, alkylthio, Ul*dihaloalkyl, caibonylalkyU alkyl(hydioxy), alkyl(sulfonate), 
alkylaminocarbonyl, and alkylcaibonylamino; and each and is independently -H, and 

5 lower alkyL Particularly preferred are such compounds where A, L, and E are independently -H, 
lower alkyl, halogen, and -NR^2; J is -H, halogen, haloalkyl, hydroxyalkyl, R*2N-alkyl, lower 
alkyl, lower aryl. hetax)cyclic, and alicycUc, or together with Y forms a cychc group; and X is 
heteroaryl, alkylaminocaifoonyl, 1,1-dihaloalkyl, and alkoxyalkyl. Especially preferred are such 
compounds where A is -H, -NH2, -F, and -CH3, L is -H, -F, 

1 0 -OCH3, -CU and -CH3, E is and -CI, J is -H, halo, C1-C5 hydroxyalkyl, C1-C5 haloalkyl, CI- 
C5 R*2N-alkyl, C1-C5 aUcycUc, and C1-C5 alkyl, X is -CH2OCH2-, and 2,5-furanyl, and Y is 
lower alkyl. Most preferred are the following such compounds and their salts, and prodrug and 



their salts: 




1) 


A is -NH2, L is -F, E is -H, J is -H, Y is isobutyl, and X is 2,5-fiiianyU 


2) 


A, L,aiidJare-H,Eis-Cl,Yisisobutyl,andXis2,5-ftiranyU 


3) 


A is -NH2, L is -F, E and J are -H, Y is cyclopropybne&yl, and X is 2^-fiiranyl; 


4) 


A is -NH2> L is -F, E is -H. J is ethyl, Y is isobutyl, and X is 2,S-fiiraiiyl: 


5) 


A is -CH3, L is -CI, E and J are -H, Y is isobutyl. and X is 2.S-fiiranyl; 


6) 


A is -NH2, L is -F, E is -H, J is -CI, Y is isobutyl, and X is 2,S-fiiianyl; 


7) 


A is -NH2. L is -F, E is -H, J is -Br, Y is isobutyl, and X is -CH2OCH2; and 


8) 


A, L, E, and J are -CH3, Y is cyclopropytanethyl, and X is 2,5-fiiranyl. 



Also especially preferred are compounds where A is -NHa. L is -F, E is -H, J is 
bromopropyl, bromobutyl, chlorobutyl, cyclopropyl, hydroxypropyl, or N,N- 
dimethylaminopropyl, and X is 2,5-fiiranyL 



25 Indole and 9-Azaindole compounds of formula V are another preferred aspect: 



A 




wherein: 
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B is selected firom the group consisting of -NH-, and 

-CH=; 



D. is selected from the groiq) consisting of -C= and -N-; 
5 Q is selected from the group consisting of -C= and -N- with the proviso that 

whenBis-NH-th«iQis-C=andDis -1-, whenBis-CH=thenQis-ll-andDis -C=, 

whenB is-N=,thenDis - J- and Q is -C=; 

10 A, E, and L are selected from the groiq> consisting of 

-NO2. -H, -GEC, -SR^ -C(0)NR^. halo, -COR". -S02R^ guanidme, amidine, 
-NHSOjR^, -S02NR^2> -CN, sulfoxide, peihaloacyl, peifaaloalkyl, perfaaloalkoxy, CUCS alkyl, 
C2-C5 alkenyl, C2*CS alkynyl, and lower alicyclic, or together A and L form a cyclic group, or 
together L and E form a cyclic group, or together E and J form a cyclic group including aryl, 

15 cyclic alkyl, and heterocyclic; 

J is selected from the group consisting of -NR*2> -NO2, 
-H, -0R\ -SR\ -C(0)NR^, halo, -C(0)R" , -CN, sulfonyl, sulfoxide, perhaloalkyl, 
hydroxyalkyl, peihaloalkoxy, alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl^ alicyclic, aiyl, and 
aralkyl, or together with Y forms a cyclic group including aiy 1, cyclic alkyl and heterocycUc 

20 alkyl; 

X is selected from the group consisting of alliylaniino, alkyl(hydroxyX alkyl(caiboxyl), 
a]kyl(phosphonate), alkyl, aUcenyl, alkynyl, alkyl(sulfonate), aryl, caibonylalkyl, 1,1- 
dihaloalkyl, alkylaminoalkyl, alkoxyalkyl, alkylthioalkyl, alkylttiio, alkylaminocaibonyl, 
alkylcarbonylaminp, alicycUc, aralkyl, and all^laryl, all optionally substituted; or togetho: with 
25 Y forms a cyclic group including aiyl, cyclic alkyl, and heterocyclic; 



wo 99/45016 



51 



PCTAJS99/64908 



Y is selected firom the group consisting of -H, alkyU alkrayl, alkynyl, aryU alicyclic, 
araikyl, aryloxyalkyl, alkoxyalkyl, -C(0)R\ -SiOh^K -C(O^OR^ 

-CONHR^, -NR^2> and -OR^, all accept H are optionally substituted; or together with X forms a 
cyclic group including aiyl, cyclic allcyl» and heterocyclic; 

5 

Preferred A, L, and E groups include -H, -NR'j, -NO2, hydroxy, halogen, -0R\ 
alkylaminocaibonyl, -SR^ lower peihaloalkyl, and Cl-CS alkyl, or together E and J form a 
cyclic group. Such a cyclic group may be aromatic or cyclic alkyl, and may be optionally 
substituted Suitable aroniiatic groups include thiazole. Particiilarly preferred A, Land Egroiq>s 
10 are -NR^, -H, hydroxy, halogen, lower alkoxy, lower peihaloalkyl, and lower alkyl. 

Preferred A groups include -NR*2> lower alkyl, -H, halogen, and lower pertialoalkyl. 
Preferred L and E groups include -H, lower alkoxy, lower alkyl, and halogoi. 
Preferred J groups include -H, halogen, lower alkyl, lower hydroxyalkyl, -NR^, lower 
R*2N-alkyl, lower haloalkyl, lower peihaloalkyl, lower alkenyl, lower alkynyl, lower aiyl, 
15 heterocyclic, and alicycUc or together with Y forms a cyclic group. Such a cyclic group may be 
aromatic or cyclic alkyl, and may be optionally substituted Particularly preferred J groups -H, 
halogen, lower alkyl, Iowct hydroxyalkyl, -NR^, lower R^N-alkyl, lower haloaU^l, lowor 
alkenyl, alicyclic, and aryl. 

Preferred X groups include alkyl, alkynyl, alkoxyalkyl, alkyldiio, aryl, 
20 alkylaminocarbonyl, alkylcarbonylamino, 1,1-dihaloalkyl, carbonylatkyl, aIkyl(OH), and 

alkyl{sulfonate). Particularly preferred is 1,1-dihaloalkyl, alkyl(sulfonate), alkylaminocaitonyl, 
alkoxyalkyl, and heteroaryl. Such compounds that are especially preferred are heteroaryl, 
alkylaminocarbonyl, and alkoxyalkyl. Most preferred is methylaminocarbonyl, methoxymethyl, 
andfuranyl. 

25 In one preferred aspect, X is not {C2-C3 alkyl)aminocaifoonyl. 

In one preferred aspect, when X is alkyl and alkene substituted with a phosphonic acid or 
ester, then A is -N^^2 Y is not >H. In another preferred aspect, X is not substituted witti a 
phosphonic acid or ester. 

Prefored Y groiq)s include -H, alkyl, aryl, araikyl, and alicyclic, all except -H may be 
30 optionally substituted. Particularly preferred Y groups include lower all^l, and alicyclic. 
Preferred R^ and R^ groups include -H, and lower alkyl. 

In one preferred aspect, B is NH, D is and Q is -C=. In another preferred 
35 aspect, B is -N=, D is and Q is -C=. 
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In anoflier prefmed aspect, A» L, and E are indqiendently -NR^, lower iSkyU Iowct 
peilialoalkyl, lower alkoxy, halogen, -OH, or *H, X is aryl, alkoxyalkyi, alkyl, aUgrltfiio, 1,1- 
dihaloalkyl, caibonylalkyi, alkylOtydroxy), alkyl(sulfonate), aU^laminocaxbonyl, and 
alkylcaibonylamino, and each R'* and is independently -H, or lower alkyL Particularly 

5 preferred are such compounds where A, L, and E are indepmdently -H, lower alkyl, halogen, and 
-NR^; J is -H, halogen, haloalkyl, hydroxyalkyl, -R^N-alkyl, lower alkyl, lower aryl, 
heterocyclic, and alicychc, or together with Y forms a cyclic group; and X is heteroaryl, 
alkylaminocarbonyl, 1,1-dihaloalkyl, and alkoxy alkyl. Especially preferred are such compounds 
where A is -H, -NH2, -F, or -CH3, L is -H, -F, -OCH3, or -CH3, E is -H, or -CI, J is -H, halo. CI- 

10 C5 hydroxyalkyl, C1-C5 haloalkyl, C1-C5 R^N-alkyl, CI-C5 ahcycUc or C1-C5 alkyl, X is 
-CH2OCH2-, or 2,5-furanyl; and Y is lower alkyl. Preferred are such compounds wheie 

B is NH, D is -c!=, and Q is -C= or where B is -N=, D is -ll-, and Q is -0=. 
Most preferred are compounds whdre: 
15 1) Ais-NH2,Lis-F,Eis-H,Jis-H.Yisisobutyl,andXis2,5-furanyl; 

2) Ais-NH2.Lis-F,Eis-H,Jis-Cl,Yisisobutyl,andXis2,5-fiiranyL 



, D is •(!>=, Q is -C=, and Y is isobutyl; 



and 



3) Ais-H,Lis-H,Eis-Cl,Jis-H,Bis.NH,] 

20 4) Ais-CH3,Li5-H,Eis-H,Jis-H,Bis-N=,Dis -Jl-, Q is -C=, and Y is 

isobutyl. 

Particularly preferred are such compounds where R* is -CH20C(0)-C(CH3)3. 
Another especially preferred aspect are such compounds where A, L, and E are -H, lower 
alkyl, halogen, or -NR^2t J is -H, halogen, lower alkyl, Umer aryl, heterocyclic, or alicyclic, or 
25 together with Y forms a cyclic group, and X is heteroaryl, alkylaminocarbonyl, or alkoxyalkyl. 

For compounds where M is attached via a carbon atom it is also preferred when MH is 
selected fiom the group consistmg of PMEA, PMEDAP, HPMPC, HPMPA, FPMPA, and 
PMPA 

30 In another preferred aspect, MP03^', MPiO^^, or MP309'^ is useful for the treatment of 

diseases of the liver or metabolic diseases where the liver is responsible for the overproduction 
of a biochemical end product Preferably, such disease of the liver is selected from the ^up 
consisting of hepatitis, cancer, fibrosis, malaria, gallstones, and chronic cholecystalifliiasis. It is 
. more preferred when treating such diseases that MH, MP03^', MP206^", or MP309^ is an 

35 antiviral or anticancer agent. 
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Prefoably, the metabolic disease ttiat lAPO^', ^lOe'f or MPjO^"^ are useful for 
diabetes, atherosclerosis, and obesity. 

In another aspect, it is preferred when the biochemical end product is selected from ttie 
group coiisisting of glucose, cholesterol, fatty acids, and triglycerides. More preferred is when 
5 MH or MPOa^* is an AMP activated protein kinase activator. 

In another aspect, it is preferred vAim M -POa^' is a compound that inhibits human liv^ 
FBPase. It is more prefmed when such FBPase inhibitor inhibits human livor FBPase with an 
ICso of less than lO^M. More preferred are such FBPase inhibitors wherein M is a ffovp T-X 
wherein 

10 T is selected from the group consisting of benzunidazole, indole, purine, and 9-azaindole, 

all of which contain at least one substituent; 

X is attached at the 2, 2, 8, and 2 positions of said T groups, respectively; and 
X is selected from the group consisting of alkylamino, alkyl, alkenyl, alkynyl, 
alkyl(carboxyl), alkylOiydroxy), alkyl(phosphonate), alkyl(sulfonate), aryl, aUiylaminoalkyl, 
15 alkoxyalkyl, aU^ltiiioalkyl, alkylthio, alicyclic, 1,1-dihaloalkyl, carbonylalkyl, 

alkylaminocarbonyl, alkylcarbonylamino, aralkyl, and alkylaryl, all optionally substituted. 

In compounds of formula I, preferably V is selected from the group consisting of aiyl, 
substitued aryl, hetonaryl, substituted heteroaryl; or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optiorudly 
20 containing one heteroatom, that is fused to an aryl grotqp attached at the beta and gamma position 
to the oxygen attached to the phosphorus or together V and W are connected via 3 carbon atoms 
to form a cyclic group containing 6 carbon atoms mono-substituted with a substituent selected 
from the group consisting of hydroxyl, acyloxy, alkoxycarbonyloxy, alkyltUocarb 
aryloxycarbonyloxy three atoms from an oxygen attached to the phosphorus. More preferred is 
25 when V is selected from the group consisting of aryl, substitued aryl, heteroaryl, and subistituted 
heteroaryl. Especially preferred is when V is phenyl, or substituted phenyl. V is 3-bromophenyl 
is a particularly preferred substituted phenyl. 

It is also especially prefared whm V is selected from the group consisting of heteroaryl 
and substituted heteroaryl. 
30 Most preferred is when such heteroaryl is 4-pyridyl. 

It is also preferred when together V and Z are coimected via 3-5 atoms to form a cyclic 
group, optionally containing 1 heteroatom, that is fused to an aryl group at tfie beta and ganmia 
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positions to the oxygen attached to phosphorus. Li such compounds preferably said aiyl group is 
an optionally substituted monocychc aiyl group and the connection betwem Z and the gamma 
position of the aryl group is selected fix>m the groiqi consisting of O, CH2, CH2CH2, OCR2 or 
CH2O. 

5 In another aspect, it is preferred when together V and W are connected via 3 caibon 

atoms to form an optionally substituted cyclic group containing 6 caibon atoms and 
monosubstituted with one siibstituent selected fiom the group consisting of hydroxy, acyloxy, 
alkosycaibonyloxy, alkylfhiocarbpnyloxy, and aiyloxycaibonyloxy tbree atoms from an oxygen 
attached to the phosphorus. In such compounds, it is more preferred when together V and W 

1 0 form a cyclic ffoup selected firom the grotq) consisting of -CH2-CH(OH)-CH2-> . 
CH2CH(0C0RVCH2-, and -C3l2CH(OC02)R^CH2-. 

Another preferred V group is 1-alkene. Oxidation by p4S0 enzymes is known to occur at 
benzylic and allylic dEubons. 

In one aspect, preferred groups include -CHR^OH, -CH^0C0R\ and -CH^0C02R^ 

15 In another aspect, preferred Z groups includ&<)R^, 

-SR^ -CHRH. -R^ . -NR^, -OCOR^ •0C02R\ -SC0R\ -SC02R\ -NHCOR^ -NHC02R^ 
-CH2NHaryl, ^CH2)p-0R^ and -(CH2)p-SR^ . More preferred Z groups includ^R^ -R^ , 
•OCOR^ -0C02R\ -NHCOR^ -NHC02R\ -(CH2)p-0R^ and . -(CH2VSR^ . 

Most preferred Z groups include -0R^ -H , -C)C0R\ -0C02R\ and -NHCOR^. 

20 Preferred W and W* groups include H, R^, aryl, substituted aryl, heteroaryl, and 

substituted aryl. Preferably, W and W are the same group. More preferred is when W and W 
areH. 

In one asp^t, prodrugs of formula VI are preferred: 




25 wherein 

V is selected fix>m the group consisting of aryl, substituted aryl, heteroaryl, and 
substituted aryl, 1-alkenyl, and 1-alkynyl. More preferred V gropus of formula VI are aryl, 
substituted, heteroaryl, and substituted heteoaiyl. Particularly preferred aryl and substituted aryl 
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groups include phenyl and substituted phenyl. Particulariy prefened heteroaiyl groiq)5 mclude 
monocyclic substiutted and unsubstituted heteroaiyl groups. Especially prefeired are pyridyl and 
3-bromopyri(fyl. 

JxL another aspect, prodrugs of formula VII are prefecred: 

5 

V°" 



15 




b / " vn . 

wherein 

Z is selected finom the group consisting of: 
-CHR^OH, -CHR^0C0R\ -CHR2oC(S)R\ -CHR^0C02R\ •CHR^0C(0)SR\ 
1 0 -CHR^OC(SPR\ -SR^ and -CH2aryL More preferred groins include -CHR^OH. 
-CHR^0C(0)R\ and -CHR^0C02R^ 

Also preferred are conq>ounds of formula Vn when M is attached to. the phosphorus via a 
carbon or oxygen atom. 

In another aspect, prodrugs of formula Vm are preferred: 




vra 



wherein 

Z' is selected from the group consisting of -OH, -OC(0)R^, -OCO2 K\ and 
-OC(0)SR^ 

D' and D*' are independently selected from the group consisting of -H, alkyl, 0R^ -OH, 
20 and -OC(0)R^ with the proviso that at least one ofD' and D*' are -H. 

In one ipreferred embodiment, W and Z are *H, Wand Varo both the same aryl, 
substituted aryl, heteroaiyl, or substituted heteroaiyl such that the phosphonate prodrug moiety: 
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W 



has a plane of symmetry. 

In another preferred embodimoit, W and W are H, V is selected from the group 
consisting of aryl, substituted aiyl, heteroaiyl, substituted heteroaiyl, and Z is selected from the 
5 group consisting of -H, OR^, and -NHCOR^. More preferred are such compounds where Z is -H, 
Preferably, such compound have M attached via oxygen. Most preferred are such compounds 
where oxygen is in a primary hydroxyl group. 

Also more preferred, are those compounds where V is phenyl or substituted phenyl. 
Most preferred are such compounds where said oxygen is in a primary hydroxyl group. 

1 0 Preferably, such compounds have M attached via oxygen. 

Also more prefmed, are tiiose compounds where V is an optionally substituted 
monocyclic heteroaryl containing at least one nitrogen atom. Preferably such compounds have 
M attached via oxygen. Most prefened are sudi compounds where said oxygm is in a primary 
hydroxyl group. Especially preferred are such compounds where V is 4-pyridyL 

15 In these compounds it is also preferred when MH is selected from the group consisting of araA, 
AZT, d4T, ddl, ddA, ddC, L-ddC, L-FddC, L-d4C, L-Fd4C, 3TC, ribavirin, penciclovir, 5- 
fluoro-2*-deoxyuridine, FIAU, FIAC, BHCG, 2'R,5*S(-)-l-[2-(hydK)xymethyl)oxathiolan-5- 
yl]cytosine, (-)-b-L-2*3'-dideoxycytidine, (-)-b-L-2\3'-dideoxy-5-fluorocytidine, FMAU, 
BvaraU, E-5-(2-br6movinyl)-2*-deoxyuxidine, Cobucavir, TFT, 5-propynyl-l-arabinosyluracil, 

20 CDG, DAPD, FDOC, d4C, DXG, FEAU, FLO, FLT, FTC. 5-yl-carbocyclic 2*-deoxyguanosine, 
Cytalloie, Oxetanocin A, Qxetanocin G, Cyclobut A, Cyclobut G, fluorodeoxyuridine, dFdC, 
araC, bromodeoxyuridine, IDU, GdA, F-ara-A, 5-FdUMP, coformycin, and 2'-deoxycoformycin. 
Particularly preferred are such compounds where V is selected from the group consisting of 
phenyl and 4-pyridyl and MH is selected from the group consisting of ribavirin, AZT,. 

25 penciclovir, araA, 5-fluoro-2*-deoxyuridine, ddl, ddA, ddC, and F-araA. 

Also preferred is when MH is selected from the group consisting of ACV, GCV, 9*(4- 
hydroxy-3-hydroxymethylbut-l-yl)guanine, and (R)-9-(3,4-dihydroxybutyl)guanine. 
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When W and W are H, V is aryl, substituted aiyl, heteroaiyl, or substituted heteroaryl, 
and Z is H» 0R\ or -NHCOR^ it is also preferred when M is attached to the phosphorus via a 
carbon atom. Preferred are such compounds wherein MPOa^' is selected fix>m the groi^ 
consisting of phosphonoformic acid, and phosphonoacetic acid Also preferred are MH is 
selected fiom the group consisting of PMEA, PMEDAP, HPMPC, HPMPA, FPMPA, and 
P^4PA. 

In these compounds it is also prefeired when M is selected fiom the group consisiting of: 




wherein 

E is selected from the group consisting of alkyl, amino or halogen; 

L and J are indqiendently selected fiom the group consisting of hydrogen, hydroxy, 
acyloxy, alkoxycaibonyloxy, or when taken together form a lower cyclic ring containing at least 
one oxygen; and 

A is selected bora the group consisting of amino and lower alkylamino; and 
pharmaceutically acceptable prodrugs and salts thereof. 

In another prefecred aspect, these compounds where M is selected from the group 
consisiting of: 




III 

wherein 

A is selected &om the group consisting of -NR^2» NHS02R^, 

-OR^, 'SR\ halogen, lower alkyl, -C0N(R'*)2, guanidine, amidine, 
-H, and perfaaloalkyl; 
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E is selected from the group consisting of -H, halogen, lower alkylthio, lower 

7 

perhaloalkyl, lower alkyl, lower alkenyl, lower alkynyl, lower alkoxy, -CN, and -NR 2; 

X is selected from the group consisting of alkylamino, alkyl, alkenyl, alkynyl, 
alkyl(carboxyl), alkyl(hydroxy), alkyl(phosphonate), alkyl(sulfonate), aiyl, alkylaminoalkyl, 
5 alkoxyalkyl, alkylthioalkyl, alkylthio, alicyclic, l,l-dihaloalkyl,caibonylalkyl, 

aminocarbonylaniino, alkylaminocarbonyl, alkylcarbonylamino, aralkyl, and alkylaryl, all 
optionally substituted; or together with Y forms a cyclic group including cyclic alkyl, 
heterocyclic, and aryl; 

Y is selected from the group consisting of -H, alkyl, alkenyl, alkynyl, aryl, alicyclic, 
10 aralkyl, aryloxyalkyl, alkoxyalkyl, -C(0)R\ -S(0)2R\ -C(0)-0R\ 

-CONHR^, -NR^2» and -OR"^, all except H are optionally substituted; or together with X forms a 
cyclic group including aiyl, cyclic alkyl, and heterocyclic; 

R^ is independently selected from the group consisting of -H, lower alkyl, lower 
aUcyclic, lower aralkyl, and Iowct aryl; 
15 R^ is selected from the group consisting of lower alkyl, lower aryl, lower aralkyl, and 

lower alicyclic; 

R^ is independentty selected from the group consisting of -H, and lower alkyl; 

R is independently selected from the group consisting of -H, lower alkyl, lower 

alicyclic, lower aralkyl, lower aryl, and-C(0)R^^; 
20 R^ is independently selected from the group consisting of -H, lower alkyl, lower aralkyl, 

lower aryl, lower alicyclic, -C(0)R'^, or together they form a bidmtate alkyl; 

R^^ is selected from the group consisting of -H, lower alkyl, -NH2, lower aryl, and lower 
peifaaloalkyl; 

R^ ^ is selected from the group consisting of alkyl, aryl, -OH, -NH2 and 

25 -OR^and 

pharmaceutically acceptable prodrugs and salts th^ieof 

In another preferred aspect, those compounds where M is a compound of formula IV: 
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IV 

wherein: 

A, E» and L are selected fix>m the group consisting of 

-NR^2, -NO2, -H. -OR^, -SR^. -C(0)NR^2. halo, -COR^\ -S02R\ guanidine, amidine, 

5 -NHS02R\ -SC)2NR^2> -CN« sulfoxide, pcriialoacyl, peifaaloalkyl, peifaaloalkoxy, Cl-CS alkyl» 
C2-CS alkenyi, C2-CS alkynyl, and lower alicyclic, or together A and L form a cyclic group, or 
together L and E form a cyclic group, or together E and J form acyclic group including aryl, 
cyclic alkyl, and heterocyclic; 

o 

J is selected from the group consisting of -NR 2* -NO2, 

10 -H, -OR^, -SR^, .C(0)NR*2, halo, .C(0)R^^ , -CN, sulfonyl, sulfoxide, peihaloalkyl, 

hydroxyalkyl, periialoalkoxy, alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl, alicyclic, aryl, and 
aralkyl, or together with Y forms a cyclic group including aryl, cycUc alkyl and heterocyclic 
alkyl; 

X is selected firom the group consisting of alkylamino, alkyl(hydroxy), alkyl(carboxyl), 
15 alkyl(phosphonate), alkyl, alkenyl, alkynyl, alkyl(sulfonate), aryl, carbonylalkyl, 1,1- 

dihaloalkyl, aminocarbonylamino, alkylaminoalkyl, alkoxyalkyl, alkylthioalkyl, alkylthio, 
alkylaminocarbonyl, alkylcaibonylamino, alicyclic, aralkyl, and alkylaiyl, all optionally 
substituted; or together with Y forms a cyclic group including aryl, cycUc alkyl, and 
heterocyclic; 

20 Y is selected fix)m the group consisting of -H, alkyl, alkenyl, alkynyl, aryl, ahcyclic, 

aralkyl, aryloxyalkyl, alkoxyalkyl. -C(0)R\ -S(0)2R\ -C(0)-OR^ 

-CONHR^, -NR^2. and -OR^, all except -H are optionally substituted; or together with X forms a 
cyclic group including aryl, cyclic alkyl, and heterocyclic; 
4 

R is independently selected firom the group consistmg of -H, lower alkyl, lower 
25 aUcyclic, lower aralkyl, and lower aryl; 
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R is selected &om the group consisting of lower alky 1, lower aryU lower aralkyl, and 
lower alicyclic; 

is independently selected fiom the group consisting of *H, and lower alkyl; 

7 

R is independently selected from the group consisting of -H, lower alkyl, low^ 

5 alicyclic, lower aralkyl, lower aiyU and-C(0)R^^; 

R' is indepeiideatty selected fiom the group consisting of 
lower aryl, lower alicyclic, -C(0)R^°, or tog^er th^ form a bidmtate alkyl; 

R^^ is selected fiom the group consisting of -H, lower alkyl, -NH2Jower aiy^ 
peihaloalkyl; 

10 R^ Ms selected from the group consisting of alkyl, aiyU -OH, -NH2 and 

^R^and 

phannaceutically acceptable prodrugs and salts thereof; widi the provisos that 

8 

a) whoi X IS alkyl or alkene, then A is -MR 2; 

b) X is hot alkylamine and alkylaminoalkyl when an alkyl moiety is substituted with 
* 15 phosphonic esters and acids; and 

c) A,L,E, J, Y, and X together may only form 0-2 <r/clicgroiq>s. 

Preferably, oral bioavailability is at least 5%. More preferably, oral bioavailabifity is at 
least 10%. 

g 

Preferred A groups include -NR 2> lower alkyl, lower peihaloalkyl, lower alkoxy, and 

8 8 
20 halogen. Particularly preferred are -MR 2> ai^d halogen. Especially preferred is -MR 2- Most 

preferred is -NH2- 

Preferred E groups include -H, halogen, lower peihaloalkyl, *CN, lower alkyl, lower 
alkoxy, and lower alkylthio. Particularly preferred E groups include 
-H, -SMe, -Et, and -CI. Especially preferred is -H and -SCH3. 
25 Preferred X groups mclude alkylamino, alkyl, aO^yl, alkoxyalkyl, alkylthio, aryl, 1,1- 

dihaloalkyl, caibonylalkyl, heteroaryl, alkylcaibonylamino, and alkylaminocaibonyl. 
Particularly preferred is alkyl substituted with 1 to 3 substituents selected from halogen, 
phosphonate, -CO2H, -SO3H, and -OH. Particularly preferred are alkylaminocaibonyl, 
alkoxyalkyl, and heteroaryl. Preferred alkoxyalkyl groups include methoxymethyl. Preferred 
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heteroaryl groups include iiiranyl, optionaUy substimt^^ 

Prefmed Y gcoiq)s include aralkyU alicyclic, alkyl» and aryl, all optionally substituted 
Particularly preferred is low^ aU^l. Particularly prefeired Y groiqis include (2- 
naphthyl)methyl, cyclohexylethyl, phenylethyl, nonyl, cyclohexylpropyU ethyl» 
5 cyclopropylmethyl, cyclobutylmefhylphenyl» (2-metfayl)propyl, neopentyl, cyclopropyl, 

cyclopentyl, (l-imidozolyl)propyl,2-ethoxybenzyl, l-hydroxy-2^-dimethylpropyl, l-chloro-2^- 

dimethylpropyl, 2,2-dimethylbutyl , 2-(spiro-3 ,3 -dimethylcyclohex-4-enyl)propyl, and 1- 
methylneopentyL Especially preferred is neopentyl and isobutyl. 
4 7 - 

Preferred R andR groiQ)s are -H, and lower alkyl. Particularly preferred are -H» and 

10 methyl. 

8 

In anothCT preferred aspect, A is -NR 2 or halogen, E is -H, halogen, -CN, lower alkyl, 
lower pofaaloalkyl, lower aikoxy, or lower alkylthio, X is alkylamino, allcyl, alkoxyalkyl, 
alkynyl, 1,1-dihaloalkyl, caibonylakyl, alkyl(OH), alkyl(sulfonate), alkylcarbonylamino, 

4 7 

alkylaminocarbonyl, alkylthio, aryl, or heteroaiyl, and R and R is -H or lower alkyl. 
1 5 Particularly preferred are such compounds where Y is aralkyl, aiyl, alicycUc, or alkyl. 

8 

In another prefeired aspect, A is -MR 2> E is -H, C1-, or methylfluo, andX is optionally 
substituted furanyl, or alkoxyalkyl. Particularly preferred are such compounds where A is 
X is 2,5-fiiranyl, or methoxymettiyl, and Y is lower alkyl. Most prefeired are such compounds 
where E is H, X is-2,5-furanyl, and Y is neopentyl; those where E is -SCH3, X is 2,S-fiiranyl, 
20 and Y is isobutyl; and those where E is -H, X is 2,5-furanyl, and Y is l-(3-chloro-2,2-dim^yl)- 
propyl 

In one aspect, the compounds of formula VI preferably have a group Z which is H, allgrl, 
alicyclic, hydroxy, alkoxy, 

O O 

25 . II II 

OCR, OCOR, amino, or NHCOR. Preferred are such groups in which Z decreases the 

propensity of the byproduct, vinyl aryl ketone to undergo Michael reactions. Preferred Z groups 
are groups that donate electrons to ttie vinyl group which is a known strategy for decreasing the 
30 propensity of a,P-unsaturated caibonyl compounds to undergo a Michael addition. For example, 
a methyl group in a similar position on aery lamide results in no mutagenic activity whereas the 
unsubstituted vinyl analog is highly mutagenic. Other groiq)s could serve a similar function, e.g. 
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Z=OR, NHAc, etc. Other groups may also prevent the Michael addition e^ecially gayvps that 
result in rraioval of the double bond altogether such as Z = OH, 0R\ NH2, which will rapidly 
undergo retautomerization after the elimination reaction. Certain W and W groups are also 
advantageous in this role since the group(s) impede the addition reaction to the p-carbon or 
5 destabilize die product Another preferred Z group is one that contains a nucleophilic group 
capable of adding to the a,p-unsaturated double bond after the elimination reaction i.e (CH2)p- 
SH or (CH2)„0H where p is 2 or 3. 

p4S0 OTudation can be sensitive to stereochemistry which might either be at phosphorus 
or at the carbon bearing the aromatic group. The prodrugs of the present invention have two 

1 0 isomeric forms around the phosphorus. Preferred is the stCTeoc hemtstr y that ftnn^ lftg both 
oxidation and the elimination reaction. Preferred is the cis stereochemistry. In contrast, the 
reaction is relatively insensitive to the group M since cleavage occtirred with a variety of 
phosphonate, phosphate and phosphoramidates. Accordingly, the group M represents a group 
that as part of a compound of formula 1 enables generation of a biologically active compound in 

1 5 vivo via conversion to the corresponding M-POj" The atom in M attached to phosphorus may 
be O, C or N. Hie active drug may be M-PO3" or a metabolite of M-POa" such as the 

*- ■ : ■ : _ 

triphosphate useful for treatment of diseases in which the liver is a target organ, including 
diabetes, hepatitis, liver cancer, liver fibrosis, malaria and metabolic diseases where the liver is 
responsible for the overproduction of a biochemical end products such as glucose (diabetes), 

20 cholesterol, fatty acids and triglycerides (atherosclerosis). Moreover, M-P03== may be useful in 
treating diseases wfaero the target is outside the liver but accessible to a phosph(on)ate. 

Prefare d M groups are groups in which Mis?* nv^Wyyifift^nfrthrj^hosphatf is attached 
to a h ydro xyl, preferably a primary hydroxyl on a sugar or sugar-analog. E specially prefared M 
groups include araA, AZT, d4T, ddl, ddA, ddC, L-ddC, L-FddC, L-d4C, L-Fd4C, 3TC, ribavirin, 

25 penciclovir, S-fluoro>2*Hleox>a iridine, FTATJ, FTAC, mrn^ 9?R^^>f;(,).u[7, 

(hydroxymethyl)oxathiolan-5-yl]cytosine, (-)-b-L-2*,3*-dideoxycytidine, (-)-b-L^2*,3'-dideoxy- 
5-fluorocytidiae, FMAU, BvaraU, E-5-(2-bromovinyl>-2'Hleoxyuridine, Cobucavir, TFT, 5- 
propynyl-l-arabinosyluracil, CDG, DAPD, FDOC, d4C, DXG, FEAU, FLG, FLT, FTC, 5-yI- 
carbocycUc 2'-deoxyguanosine, Cytallene, Oxetanocin A, Oxetanocin G, Cyclobut A, Cyclobut 

30 G, fluorodeoxyuridme, dFdC, araC, bromodeoxyuridine, BDU, CdA, F-araA, 5-FdUMP, 

Coformycin, 2'-deoxycoformycin, PMEA, PMEDAP, HPMPC, HPMPA, FPMPA, and PMPA. 
Other preferred M groups include phosphonic acids useful in treating diabetes, viral infections, 
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liver fibrosis, e.g. coUagenase inhibitors such as rq)orted in Bird et al.» J. Med. Chem. 37» 1S8- 
169 (1994), parasitic infections, diseases responsive to metalloprotease inhibition (e.g. 
hypertension, liver, cancer), and hyperlipidemia. 

The preferred compounds of formula vm utilize a Z' group that is capable of undergoing 
an oxidative reaction that yields an unstable intennediate which via elimination reactions 
breaksdown to the corresponding M-P03~. Espe cially preferred Z* groups is OH. Groups D- and , 
D^^rs4iEefo^ly hydrogen, alky l, hydroxy, andj - OR^, -CCOR^, but a t least one of D or D' must 
beH. 

. The following prodrug moieties are preferred: 
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SYNTHESIS OF COMPOUNDS OF FORMULA I 

Synthesis of the compounds encoizqiassed by the present invration includes: I), synthesis 
of prodrugs; II). synthesis of substituted-l»3-diols; and JJS). synthesis of FBPase inhibitors. 

5 n gYNTHEglS QF PRQPRUGS; 

The following procedures on the preparation of prodrugs illustrate the genoal procedures 
used to prepare ttie prodrugs of the invention which apply to all phosphate-, phosphonate- and 
phosphoramidate- containing drugs. Prodrugs can be introduced at differoit stages of synthesis 
of a drug. Most often they are made at a later stage, because of the general sensitivity of these 

10 groups to various reaction conditions. Optically pure prodrugs contaimng smgle isomer at 
phosphorus centre can be made either by sq)aration of the diastereomers by a combination of 
column chromatography and/or crytallyzation, or by enahtioselective synthesis of chiral 
activated phosph(on)ate mtennediates. 

The preparation of prodrugs is fiirther organized mto 1) synthesis via activated P(V) 

15 intermediates:, 2) synthesis via activated PODDO intermediates, 3) synthesis via phosph(on)ate 
diacid, and 4) miscellaneous methods. 




LI Synthesis via activated P(V) intermediate: 



20 

LI .a. Synthesis of activated P(V) intermediates: 

In general, synthesis of phosph(on)ate esters is achieved by coupling the a gaine or alcohol 
^ MH with the cor responding activated ph osphonate precursor for exampje , Chlorophosphonate 
(L'=chloro) addition on to 5*-hydroxy of nucleoside is a well known method for preparation of 
25 nucleoside phosphate monoesters. The activated precursor can be prepared by several well 
known methods. Chlorophosphonates useful for synthesis of the prodrugs are prepared from the 



wo 99/45016 



PCTAJS99/04908 



siibstituted-l,3-pn)panediol (Wssner, et al, y. Med Chem.^ 1992, 55, 1650). Chloiophosphonates 
are made by oxidation of the coiresponding chlorophospholanes (Andeison, et al, J. Org. Chem.^ 
1984, 49, 1304) which are obtained by reaction of the substituted diol with phosphorus 
trichloride. Alternatively, the chlorophosphonate agent is made by treating substituted-l,3-diols 
5 with phosphorusoxychloride (Patois, et al, 7. Chem. Soc. Perkin Trans. I , 1990, 1577). 
Chlorophosphonate species may also be graerated in situ from corresponding cyclic phosphites 
(Silverburg, et al.. Tetrahedron leU., 1996, 37, 771), which in tum can be eitha: made fiom 
chlorophospholane or phosphoramidate intermediate. Phpsphoroflouridate intmnediate prepared 
either fiom pyrophosphate or phosphoric acid may also act as precursor in preparation of ^clic 

1 0 prodrugs (Watanabe et aL, Tetrahedron lett., 1988, 2P, 5763). 

Phosphoramidales (L'^NRR') are also well known intermediates for the synthesis of 
phosphate est^. Monoalkyl or dialkylphosphoramidate (Watanabe, et al, Chem Pharm Bull, 
1990, 38, 562), triazolophosphoramidate (Yamakage, et al.. Tetrahedron ,1989, 45, 5459) and 
pyrrolidinophosphoramidate (Nakayama, et al, J. Am. Chem. Soc., 1990, 112, 6936) are some of 

15 the known intermediates used for the preparation of phosphate esters. Anotiier effective 
phosphorylating procedure is a metal catalyzed addition of cyclic chlorophosphonate adduct of 
2-oxa2X)lone. This intermediate attains high selectivity in phosphorylation of primary hydroxy 
group in presence of secondary hydroxyl group (Nagamatsu, et al, tetrahedron Lett^ 1987, 28, 
2375). These agents are obtained by reaction of a chlorophosphonate with the amine or 

20 altematively by formation of the corresponding phosphoramidite followed by oxidation. 

J I. i .b. Synthesis of chiral activated phosph(on)ate: 

Phosphorylation of an enantiomerically pure substituted diol with for example, a 
commercially available phosphorodichloridate R-0P(0)Cl2, where RO is a leaving group, 

25 preferably aryl substituted with electron withdrawing groups, such as a nitro or a chloro, 

produces two diastereomeric intermediates that can be separated by a combination of column 
chromatogrq)hy and/or crystallization. Such a method may also be utilized in preparing chiral 
chloro phosphonates. Chiral phosphoramidate intermediates can be obtained by utilization of 
optically pure amine as the chkal auxiliary. This type of mtermediate are known to undeigo 

30 stereospecific substitution (Nakayama, et al. J. Am. Chem. Soc.,1990, 1 12, 6936). The relative 
configuration of the phosphorus atom is easily determined by comparison of the 3 Ip NMR 
spectra. The chemical shift of the equatorial phosphoiyloxy moiety ( trans-isomer) is always 
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more upfield than &e one of (he axial isomo: (cis-isomer) (Veilcade, et al, J. Org. Chem., 1977, 
42, 1549). 

Cis Trans 

5 Ll.c. Synthesis of Prodrugs Using Activated phosphates: 

Coiq)ling of activated phosphonates with alcohols or amines (MH) is accomplished in the 
presence of an organic base. For example, Chlorophosphonates synthesized as described in the 
earlio: section react with an alcohol in the presence of a base such as pyridines or N- 
methyUmidazole. In some cases phosphorylation is enhanced by in situ generation of 

10 iodophosphonate firom chloro (Stomberg, et al. Nucleosides & Nucleotides., 1987, 5: 815). 
Phosphoioflouridate inteimediates have also been used in phosphorylation reactions in the 
presence of a base such as CsF or n-BuLi to generate cyclic prodrugs (Watanabe et al.. 
Tetrahedron lett.^ 1988, 29, 5763). Phosphoramij atft intfinpH^a**'-s are shown tn cniiple in tiie 
DT ^CTce of weak acids (eg., tetrazole^ and an oxidising ag ent (eg., m-chloroperbCTZoic add or t- 

15 butylhydroperoxide (Watanabe, et al, Chem Pharm BuU.^ 1990, 38, 562) or by transition metal 
catalysis (Nagamatsu, et al. Tetrahedron Lett., 1987, 28, 2375). 

The phosphonate prodrug esters where spacer group X in formula II-XV is an aryl group, 
can be prq)ared by lithiation of aromatic ring using methods well described in literature 
(Gschwend, Org. React. 1979, 26, 1; Durst, Comprehensive Carbanion Chemistry. Vol. 5, 

20 Elsevier, New York, 1984) followed by addition of chlorophosphonate cycUc r,3*-propanyl 
estpr. 

j Reaction of the optically pure diastereomer of phosphoramidate intermediate with the 
hydroxyl of drug in the presence of an acid produces the optically pure phosphate prodrug by 
direct Sn2(P) reaction (Nakayama, et al. J. Am, Chem. Soa,1990, 1 12, 6936). Alternatively, 
25 reaction of the optically pure phosphate precursor with a fluoride source, preferably cesium 

fluoride or tetrabutylammonium fluoride, produces the more reactive phosphorofluoridate which 
reacts with the hydroxyl of the drug to give the optically pure prodrug by ovo:^ retention of 
configuration at the phosphorus atom (Ogilvie, et al, J. Am. Chem. 5oc.,1977, 99, 1277). C3iira! 
phosphonate prodrugs can be synthesized by either resolution of phosphonates (Pogatnic, ct al.. 
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Tetrahedro Lett., 1997, 38^ 3495) or by chiiality inductioii (Taapkoi, et al.. Tetrahedron Lett., 
1995, 36, 6659; y. Org. Chem.,199S, 63, 8284). 

1.2 Synthesis via phosphite intomediate: 



HO-( 



V V V 

Q 




Z[0] *^ W 
WW WW ^ ^ WW 



I.2:a. Synthesis of activated P(in) intennediates: 

Phosphoiylation of hydroxy and amino groups is achieved using cycUc r,3*-pn>panyl 
esters of phosphorylating agoits where the agent is at the P(III) oxidation state. One prefened 
phosphoiylating agmt is a chloio phospholane (L''=chioro). Cyclic chlorophospholanes are 
prq)ared under mild conditions by reaction of phosphorus trichloride with substituted 1^-diols 
(Wissner, et al, X MecL Chem., 1992, 35, 1650). Alternatively phosphoramidites can be used as 
the phosphorylating agent (Beaucage, et al.. Tetrahedron^ 1993, 49^ 6123). Appropriately 
substituted phoshoramidites can be prepared by reacting cyclic chlorophospholanes witii N,N- 
dialkylamine (Perich, et al. Aust J. Chem.^ 1990, 43y 1623. Perich, et al. Synthesis, 1988, 2, 
142) or by reaction of commercially available dialkylaminophosphorochloridate with substituted 
prDpyl-l,3-diols. 

L2.b. Synthesis of chiral activated P(ni) intermediate: 

In the cases where unsymmetrical diols are used, the cyclic phosphite is expected to form 
a mixture of chiral isomers. Whm an optically active pure diol is used a chromatognphically 
separable mixture of two stable diastereomers with die leaving group (NRR*) axial and 
equatorial on the phosphorous atom is expected. Pure diasteromers can usually be obtained by 
chromatogr^hic seperation. 

I.2.C. Synthesis of prodrugs Using Activated Phosphites: 

Chlorophospholanes are used to phosphorylate alcohols on nucleosides in the presence of 
an organic base (e.g.,triethylamine, pyridine). Alt^natively, the phosphite can be obtained by 
coupling the nucleoside with a phosphoramidate in the presence of a coupling promoter such as 
tetrazole or benzimidazolium triflate (Hayakawa et al., /. Org. Chem.^ 1996, 6/, 7996). 



I 



wo 99/45016 



PCT/US99/04908 



Phosphite diastereomers may be isolated by column chromatography or crystallization (Wang, et 
al. Tetrahedron Lett, 1997, 38, 3797; Bentridge et al., X Am, Chem, Soc, 1989, /;/, 3981). 
Since condensation of alcohols with chlorophospholanes or phosphoramidites is an Sn2(P) 
reaction, the product is «pected to have an inverted configuration. This allows for, be 
5 stereoselective synthesis of cycUc phosphites. 

The resulting phosphites are subsequently oxidized to thd corresponding phosphate 
prodrugs using an oxidant such as molecular oxygen or t-butylhydroperoxide (^feier et al., 
Bioorg, Med. Chem. Lett., 1997, 7, 1577). Oxidation of opticaUy pure phosphites is expected to 
stereoselectively provide optically active prodrugs (Mikolajczyk, et al, J. Org. Chem., 1978, 43, 
10 2132. CuUis, P. M. J. Chem. Soa. Chem Commm., 1984, 1510, Verfiirth, et al., Chem. Ber., 
m\, 129,1627). 

L3 Synthesis of Phosphonate Prodrug^ via Pho^honic Acids: 



V 




WW 



15 Prodrugs of formula I are synthesized by reaction of the corresponding 

phosphodichloridate and an alcohol (Khamnei, et. al.,. / Med. Chem., 1996, 39 : 4109). For 
example, the reaction of a phosphodichloridate with substituted 1,3-diols in the presence of base 
(such as pyridine, triethylamine, etc) yields compounds of formula !. 

Such reactive dichloridate intermediates, can be prepared fix)m the corresponding acids 

20 and the chlorinating agents e.g. thionyl chloride (Starrett, et al, J. Med Chem., 1994, 1857), 
oxalyl chloride (Stowell, et al. Tetrahedron Lett., 1990, 31: 3261), and phosphorus pentacUoride 
(Quast, et al. Synthesis, 1974, 490). Alternatively, these dichlorophosphonates can also be 
generated from disilyl esters (Bhongle, et al, Synth. Commun., 1987, 77: 1071) and dialkyl esters 
(Still, et al. Tetrahedron Lett., 1983, 24: 4405; Patois, et al. Bull. Soc. Chim. Fr., 1993, 130: 

25 485), 



1.4. Miscellaneous Methods: 
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Pbosph(on)ate prodrags are also prqiaied firom the free acid by Nfitsunobu reactions 
(Mitsunobu, Synthesis, 1981, 1; Campbell, J.Org. Cftem., 1992, 52: 6331), and other acid 
coi^ling reagents including, but not limited to, caibodiimides (Alexander, et al. Collect. Czech. 
Chem. Commun., 1994, 59: 1853; Casara, et al, Bioorg. Med. Chem. Lett., 1992, 2: 145; Ohashi, 
et al, Tetrahedron Lett, 1988, 29: 1189), and brazotriazolyloxytris- 
(dimethylamino)phosphonium salts (Campagne, et al. Tetrahedron Lett., 1993, 34: 6743). 

Phosphorylation of an alcohol or an amine is also achieved under Mitsunobu reaction 
conditions using the cyclic r,3'-i^ropanyl ester of phosphoric add in the presence of 
triphenylphosphine and diethylazodicaiboxylate (Kinlura et al.. Bull. Chem. Soc Jpn., 1979, 52, 
1 191). The procedure can be extraded to prepare chiral phosphates from enantiomerically pure 
phosphoric acids. 

Phosph(on)ate prodrugs can be prepared by an alkylation reaction between the 
phosphonate corresponding tetrabutylammonium salts and substituted-l,3-diiodo propanes made 
from 1,3-diols (Farquhar, et al. Tetrahedron Lett., 1995 36, 655). Furthermore, phosphate 
prodrugs can be made by conversion of nucleoside to the dichloridate intmnediate with 
phosphoryl chloride in presence of triethylphosphite and quenching with substituted-1,3- 
propane diols(Farquhar et al., J. Org. Chem., 1983, 26, 1 153). 

Phosphorylatibn can also be achieved by makmg tiie mixed anhydride of the cyclic 
diester of phosphoric acid and a sulfonyl chloride, preferably 8-quinolinesulfonyl chloride, and 
reacting the hydroxyl of the drug in the presence of a base, preferably methylimidazole (Takaku, 
et al, 7. Org. Chem., 1982, 47, 4937). In addition, starting from a chiral cyclic diester of a 
phosphoric acid, obtaiiied by chiral resolution (Wynberg, et aL, J. Org. Chem., 1985, 50, 4508), 
one can obtain optically pure phosphates. 

2+ 

Aryl halides undergo Ni catalyzed reaction with phosphite derivatives to give aiyl 
phosphonate containing compounds (Balthazar, et al, J. Org. Chem., 1980, 45: 5425). 
Fhosphonates are also prepared from the chlorophosphonate in the presence of a palladium 
catalyst using aromatic triflates (Petrakds, et al, J. Am. Chem. Soc., 1987, 109: 2831; Lu, et al. 
Synthesis, 1987, 726). In another method, aryl phosphonate esters are prepared from aryl 
phosphates under anionic rearrangement conditions (Melvin, Tetrahedron Lett., 1981, 22: 3375; 
Casteel, et al. Synthesis, 1991, 691). N-Alkoxy aryl salts with alkali metal derivatives of cyclic 
alkyl phosphonate provide general synthesis for heteroaiyl-2-phosphonate linkers (Redmore, / 
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Org. Chem.^ 1970, 35: 4114), These above mentioned methods can also be extended to 
cx>nipounds where the X group is h^^aiyl e.g. pyridine, fiiran, thiophene etc. 

Conq)ounds of fonnulae Q - IV, where X is aU^l, substituted aDcyl or heteroalkyl are 
synthesized using well known reactions. For ^cample, when X is substituted with a leaving 
5 group (e.g., halogen) an Arbuzov reaction with a phosphite containing cyclic 1 \3'-propanyl ester 
is useful (Chem. Rev. 1984, 84: 577). CycUc alkyl phosphites also attack the lactones at the fi- 
carbon atom, causing the all^l-oxygen cleavage of the lactone ring, to yield alkyl phosphonate 
esters. This can be applied to many types of lactones such as fi-lactones, y-lactones etc. as 
rq)orted by McConnell et al, J. Am. Chem. Soc. 1956, 7«, 4453. Alternatively, compounds 
10 wherein X is alkyl heteroatom can be prq)ared by alkylation of hetero atom wiA an appropriate 
cycKc phosphonate electiophile [L(CH2)rf*03R] where L is a leaving group, preferably iodide 
(Walsh et al, J. Am. Chem. Soa, 1956, 75, 4455), These above mentioned methods can be 
extended to the heteroalkyl linkers e.g. -CH2ZCH2- where Z=0,S etc. 

15 n.n SYNTHESIS OF L3^DIOLS: 

A variety of synthetic methods are known to prepare the following types of 1,3-diols: a) 
1-substituted; b) 2-substituted; and c) 1,2- or 1,3-annulated in their recemic or chiral form. 
Substitution of V, W, Z groups of formula I, can be introduced or modified either during 
synthesis of diols or after the synthesis of prodrugs. 

20 

n.n l-Substituted L3>Diols. 

1,3-Dihydn)xy compounds can be synthesized by several well known methods in 
literature. Aryl Grignard additions to l-hydroxy pn)pan-3-al give 1-aryi-substituted propan-l^- 
diols Q)ath a). This method will enable conversion of various substituted aryl halides to 1- 

25 aiylsubstituted-l,3-propane diols (Coppi, et al„ J. Org. Chem., 1988, 5i, 91 1). Aryl haKdes can 
also be used to synthesize 1-substituted propanediols by Heck coupling of l,3-diox-4-ene 
followed by reduction and hydrolysis (Sakamoto, et. al.. Tetrahedron Lett., 1992, 33, 6845). 
Substituted 1,3-diols can be generated enanatioselective reduction of vinyl ketone and 
hydoboration or by kinetic resolution of allylic alcohol (path b). Variety of aromatic aldehydes 

30 can be converted to 1 -substituted- 1 ,3-diols by vinyl Grignard addition followed by hydroboration 
(path b). Substituted aromatic aldehydes are also utilized by lithium-t-butylacetate addition 
foUowed by ester reduction (path e) (Turner., J. Org. Chem., 1990, JJ 4744). In another method. 
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conunercially available cinnamyl alcohols can be converted to q)oxy alcohols under catalytic 
asymmetric q)oxidation conditions. These epoxy alcohols are reduced by Red-Al to result in 
enantiommcally pure l,3-<liols (path c) (Gao, et aL, J. Org. Chem.^ 1980, 5J, 4081). 
Altonatively, enantiomerically pure l»3-diols can be obtained by chiral borane reduction of 
hydroxyethyl aiyl ketone derivatives (Ramachandran, et. al.. Tetrahedron Lett, 1997, 38 761). 
Pyridyl, quinoline, isoquinoline pn>pan-3-ol derivatives can be oxygenated to l-substituted-1,3** 
diol by N-oxide formation followed by rearrangCTient in acetic anhydride conditions (path d) 
(Yamamoto, et al.. Tetrahedron , 1981, 57, 1871). Aldol condensation is another well described 
method for synthesis of the 1,3-oxygenated functionality (Mukaiyama, Org, React. ^ 1982, 28^ 
203). Cbral substituted diols can also be made by enantioselective reduction of carbonyl 
conqx)unds, by chiral aldol condensation or by emcyme promoted kinetic resolution. 




n.2^ 2-Substitu ted 1.3-Diols: 

Various 2-substituted-l,3-diols can be made from commercially available 2- 
(hydroxymethyl)-l,3-propanediol. Pentaerythritol can be converted to triol via decarboxylation 
of diacid followed by reduction (patii a) (Werle, et al., Liebigs. Ann, Chem., 1986, 944) or diol- 
monocarboxylic acid derivatives can also be obtained by decarboxylation under known 
conditions (Iwata, et al.. Tetrahedron lett 1987, 28, 3131). Nitrotriol is also known to give triol 
by reductive elimination (path b) (Latour, et. al.. Synthesis, 1987, 8, 742). The triol can be 
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derivatised by mono acetylation or caibonate fomadon by treatmeat with aOcanoyl chloride, or 
alkylchlorofomiateCpath d) (Greene and Wuts, Protective groups in organic synthesis , John 
Wiley, New Yoik, 1990). Aryl substitution can be affected by oxidation to alddiyde and aryl 
Grignard additions (path c) Aldehydes can also be converted to substituted amines by reductive 
5 amination reaction(path e). 



V 




-OCOR 



L3x) Cvclic-L3- diols: 

10 Compounds of formula 1 where V-ZorV*Ware fused by four carbons are made from 

Cyclohexane diol derivatives. Commercially available cis, cif-13»5-cyclohexane triol can be 
used as is or modified as described in case of 2-substituted propan-l,3*diols to give various 
analogues. These modifications can either be made before or after est^ formation. Various 13- 
cyclohexane diols can be made by Diels-Alder methodology using pyrone as dioie (Posnsac^ et 

15 al.. Tetrahedron Lett.^ 1991, 32, S29S). Cyclohexyl diol derivatives are also made by nitrile 
oxide-olefin additions (Curran, et al., J. Am. Chem. Soc., 1985, 107^ 6023). Alternatively, 
cyclohexyl precursors are also made fiom commercially available quinic acid (Rao, et. al., 
Tetrahedron Lett, 1991, 32, 547.) 
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m. SYNTHES IS OF FBPase INmBlTORS: 

Synthesis of FBPase inhibitois is outlined in four sections: (1) AICA riboside based 
inhibitors, (2) puriine based inhibitors, (3) benzimidazole based inhibitors, (4) Indole and 9- 
azaindole based inhibitors. 

5 

m.l) AICA RIBOSIDE BASED INHIBITORS: 

Compounds of AICA riboside may be prepared by a variety of known methods. In 

general, these compounds are synthesized by the method of Prem C. Srivastava, et al., J. Med. 

Chem., 1976, 19, 1020-1026 using methodology outlined below. Other methodology is 
1 0 described by Steven G. Wood, et al., J. Med. Chem. 1985, 28, 1 198-1203, by G. Sagi, et aL, J. 

Med, Chem. 1992, 35, 4549-4556, by R. Paul. J, Med. Chem. 1985, 28, 1704-1716 and by L. C. 

Cohen, J. Amer, Chemi Soc. 1973, 95, 4619-4624. 

AICA riboside, a commercially readily available starting material, is acetylated, for 

example, with acetic anhydride and a suitable base such as pyridine or triethylamine, and then 
1 5 optionally dehydrated by treatment, for example with tosyl chloride and pyridine. If esters other 

than acetate are desired in the final product, other anhydrides or acid phlorides may be employed 

in the acetylation step, for example use of isobutyryl anhydride gives the appropriate tri-0- 

isobutyrate. The primary amine function is diazotized, for example with sodium nitrite, and 

treated with a source of the s^propriate nucleophile, for example copper(II) bromide to form 
20 corresponding bromide. The product is oxidized with, for example 30% hydrogen peroxide to 

desired compound. 

Altonoatively, the optional step of dehydration may be omitted to produce more directly 
compounds in which the alcohols are acylated. These agrats may be deacylated, if desired to 
give the corresponding alcohols. 

25 Altonatively, the imidazole base may be modified separately and then coupled to the 

appropriate sugar^ using well-known glycoside bond forming reactions. 

Further, compounds of the present invention might be prepared &om compounds whose 
synthesis is described above. For example, the 5-tbiomethyl analog may be prepared by a 
displac^ent reaction using sodium thiomethoxide and ttie 5-chloro compound. 

30 Those skilled in the art will recognize that different reagents may be used in place of 

those listed above to give similar results. 
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in.2) PURINE BASED INHIBITORS: 

Synthesis of intennediates of purine based inhibitors typically includes some or all of the 
following general steps: (a) depiotection of phosphonate ester (b) modification of CS-substituted 
purine intermediates; (c) modification of purine at positions other than C8; (d) construction of 
5 the purine ring system; (e) piq)aration of 4,S-diaminopyrimidine; and (f) preparation of 
fimctionalized Vaaker (X) phosphonate. 



A 




Fomiula III 



4 



TTT-2 .a) Hep^t ection of Phosphonate Ester 

10 Phosphonic acids n:iay be prepared fipom phosphonate esters using known phosphate and 

phosphonate ester cleavage conditions. For example, alkyl phosphonate esters are generally 
cleaved by reaction with silyl halides followed by hydrolysis of the intemiediate silyl 
phosphonate estors. Various silyl halides can be used for this transformation, such as 
chlorotrimethylsilane (Rabinowitz J. Org. Chem.^ 1963, 28: 297S), bromotrimethylsilane 

15 (McKenna et al. Tetrahedron LetL^ 1977, ISS), iodotrimethylsilane (Blackbum et al. J. Chem. 
Soc., Chem, Commun,^ 1978, 870). Phosphonate esters can also be cleaved under strong acidic 
conditions, such as hydrogen halides in acetic acid or watCT, and metal halides (Mofifatt et aL 
U.S. Patent 3,524,846, 1970). Phosphonate esters can also be converted to dichlorophosphonates 
widi halogenating agents (e.g. PCls, and SOCI2, Pelchowicz et al. J. Chem. Soa, 1961, 238) and 

20 subsequently hydrolysis to give phosphonic acids. Reductive reactions are useful m cleaving aryl 
and benzyl phosphonate esters. For example, phenyl phosphonate esters can be cleaved under 
hydrogenolysis conditions (Lejczak et al. Synthesis, 1982, 412) or metal reduction conditions 
(Shafer et al. J. Am. Chem. Soc, 1977, 99: 5118); benzyl phosphonate esters can also be cleaved 
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similarly (Elliott et al. /. Med. Chem., 1985, 28: 1208)* Electrochemical (Shono et al. J. Org. 
Oiem., 1979, 44: 4508) and pyrolysis (Gupta et al. Syntk Commm,, 1980, 10: 299) conditions 
have also been used to cleave various phosphonate est^. 

5 m.2.b^Modification of C8-Substituted Purine Intermediates 

8-Substituted purines are useful intermediates in the prq>aration of compounds of 
foimula m. 8-Halopurines, which are particulariy useful interaiediates, are readily prepared 

9 

using chemistry well described in the literature. For example, N -alkyladenines are halogenated 
at C8 position using known halogcnating agents (e.g. Br2, NBS). 8-Alkylpurine can be prepared 

1 0 through direct lithiation of purine followed by tnq>ping with electrophiles (e.g. alkyl halides. 
Barton et al. Tetrahedron Lett., 1979, 5877). 

Functionaliztion of 8-halopurines can be accompUshed under substitution reaction 
conditions with nucleophiles such as amines, alcohols, azides, sulfides, and alkylthiols. It is 
advantageous to have the phosphonate moiety as part of the nucleophiles. For example, 

1 5 substitution of 8*bromopurine with aminoalkylphosphonates give compounds of formula QI 
where X are alkylamino groups. 




20 8-Halopurines can also be transformed into other 8-substituted purines using palladium 

catalyzed reactions (Heck, Palladium Reagents in Organic Synthesis; Academic Press: San 
Diego, 1985). For example, palladium catalyzed carbonylation reactions of 8-bromop\uine in the 
presence of alcohol give 8-alkoxycarbonylpurines. Using known chemistry the 8-carboxylate 
group can be converted into other functional groups, such as hydroxymethyl, halomethyl, formyl, 

25 carboxyhc acid, carbamoyl, thiocarbonyl groups, and these are useful intermediates for the 

synthesis of compounds of formula HI. For example, 8-alkyl and 8-arylpurines can be prepared 
from 8-halopurines via palladiiun catalyzed coupling reactions with organotin (Moriarty et al. 
Tetrahedron Lett., 1990, 41: 5877), organoborane (Yatagai, Bull, Chem. Soc. Jpn., 1980. 53: 
1670), and other reagents known to couple with aiyl halides. When the coupling reagents contain 
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the diaUcylphosphonate group, the reaction is useful for preparation of compounds of formula S 
where X is alkyl» alkenyl, alkynyU and aryl. For example, 8-bromopurine can be coiqiled with 
diethyl l-tributylstannyl-3-allylphosphonate to give compounds of formula S where X is - 
CH=CHCH2- and subsequent hydrogenation reaction give compounds of formula S where X is - 
CH2CH2CH2-, 

The phosphonate group can also be introduced by further modification of the 8- 
substituents. Substitutions of 8-haloalkyl or 8*sulfonylalkylpurine with nucleophiles containing 
the phosphonate group are useful for the preparation of compounds of formula 5 where X is 
alkylaminoalkyl, alkoxysdkyl, alkylthioalkyl. For example, compounds of formula 5 where X is - 
CH2OCH2- can be prepared fiom 8-bromomethylpurine using hydroxymethylphosphonate esters 
and a suitable base. It is possible to reverse the nature of the nucleophiles and electrophiles for 
the substitution reactions, i.e. haloalkyl- and/or sulfonylalkylphosphonate esters can be 
substituted with purines containing a nucleophile at the C8 position (such as 8-hydn)xyal]cyl, 8* 
thioalkyl, 8-aminoalkylpurines). For example, diethyl phosphonomethyltriflate can be substituted 
by alcohols such as 8-hydroxymethylpurine to give compounds of formula 5 where X is - 
CH2OCH2- (Phillion et al. Tetrahedron Lett. 1986, 27: 1477). Known amide formation reactions 
are usefiil for the synthesis of compounds of formula 5 where X is alkylaminocarbonyl, 
alkoxycaibonyl, alkoxythiocarbonyl and alkylthiocaibonyl. For example, coupling of 8- 
purinecarboxylic acids with aminoalkylphosphonate esters gives compounds of formula 5 where 
X is alkylaminocarbonyl. For compounds of formula 5 where X is alkyl, the phosphonate group 
can also be introduced using other common phosphonate formation methods, such as Michaelis- 
Arbuzov reaction (Bhattacharya et al. Chem. Rev., 1981, 57: 415), Michaelis-Becker reaction 
(Blackburn et al. J. Organomet. Chem., 1988, 348: 55), addition reactions of phosphorus to 
electrophiles (such as aldehydes, ketones, acyl halides, imines and other carbonyl derivatives). 

Compoimds of formula HI, where X is carboxypropyl or sulfonopropyl can be prepared 
from the reaction of 8-(2-iodoethyl)purine and corresponding phosphonomethylcarboxylate or 
phosphonomethylsulfonate (Carretero et al.. Tetrahedron , 1987, 43, 5125) in presence of base 
(eg. NaH) in polar aprotic solvents (eg. DMF). Substituted 8-(2-iodoethyl)purines are prepared 
using know indole chemistry. For the preparation of a*phosphosulfonic acids see Magnin, D. R. 
el 2I. J. Med. Chem. 1996,39. 657. 

Following well-reported literature procedures, other modification of 8-substituent of 
purines can be used to synthesize various compounds of formula m. For example, compounds of 
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foimula m where X is carbonylalkyl can be prepared from S-caiboxyalkylpuiines via conversion 
of S-carboxyalky^urines to their corresponding acid chloride and followed by Arbu2X)v reaction 
{Chem. Rev. 1984, 84: 577) with an alkyl phosphite to give 8-(2- 

diall^lphosphonocarbonylethyl)piirines. These a-ketophosphonates can be converted to the a- 
5 hydroxyphosphonates and a,a-dihalophosphonates (Smyth, et al. Tett. Lett., 1992, 33, 4137). For 
anoth^ way synthesizing these a,a-dihalophosphonates see Nfartin et USeti. Lett, 1992, 33, 
1839. 

8-Azidopurines are useful for the preparation for compounds of formula S where X is 
alkylamino and alkylcarbonylamino groups. For example, carboxylic acids (e.g. (R0)2P(0>- 
1 0 alkyl-C02H) can be directly coupled to 8-azidopurines to give 8-alkylcarbonylaminopurines 
(Urpi et al. Tetrahedron Lett.^ 1986, 27: 4623), Altemativeiy, 8-azidopurines can also be 
converted to 8-aminopurines under reductive conditions, and subsequently converted to 8- 
alkylaminocarbonyl- and 8-alkylaminopurines using known chemistry. 

15 in.2.c^ ModiiScation of Purines at Positions Other Than C8 

Compounds of formula 5 can be further modified to give intermediates useful for the 
synthesis of compounds of formula m. For example, substitution reactions of 6-chloropurine by 
ammonia or alkylamines are useful for the prq>arations of compounds of formula S where A is 
amino and alkylamino groups. 

20 E groups can be introduced by modifying existing 2-substituents of purine. For example, 

2-halopurines, readily accessible fi-om 2-aminopurines via chemistry well described in the 
literature, can be converted to other 2-substituted purines by for example nucleophilic 
substitution reactions; transition metal catalyzed reactions, etc. (•/. Med. Chem.^ 1993, 36: 2938; 
Heterocycles, 1990, 30: 435). 

9 

25 It is envisioned that N -substituted purines can be readily prepared from compounds of 

formula 5 where Y is H using for example standard alkylation reactions (with alkyl halide, or 
sulfonate), or Mitsunobu reactions. Further elaborations of substituents on Y are also possible. 

in.2.d) Construction of the Purine Ring Svstem 
30 Purine ring system of compounds of formula m can be constructed using 4,5- 

diaminopyrimidines and carboxylates or their derivatives (such as aldehydes, amides, nitriles, 
ortho esters, imidates, etc.) (Townsend Chemistry of Nucleosides and Nucleotides^ Vol J ; 
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Pleaum Press, New York and London, page 156-1S8). For example, alkyl and aryl aldehydes can 
be cyclized with 4,S-diaminopyrimidmes as shown below. 




Intramolecular cyclization reactions of pyrimidine derivatives can also be used to 
construct the purine ring system. For example, S-acylamino-4-alkylaminopyriniidines are treated 
with phosphorusoxychloride and cyclized under basic conditions to give purine derivatives. This 
transformation can also be achieved using odier reagents (e.g. SiCl4-Et3N, Desaubry et al. 
1 0 Tetrahedron Lett.^ 1995, 36: 4249). Imidazole derivatives are also useful for the construction of 
purine ring system via cyclization reactions to form the pyrimidine ring (Townsend Chemistry of 
Nucleosides and Nucleotides^ Vol 1 ; Plenum Press, New York and London, page 148-IS6). 

in.2.e) Preparation of Diaminopvrimidine 

1 5 Compounds of formula 4 are useful for the construction of purine ring systems, and such 

compounds can be readily synthesized using known chemistry. For example, the Y group can be 
introduced using a nucleophilic substitution reaction involving an amine and 4-halopyrimidines 
fTetrahedron. 1984, 40\ 1433). Alternatively, palladium catalyzed reactions (Wolfe et al. J. Am. 
Chem. Soc.^ 1996, 118: 7215) can also be used. Reductive amination reactions {Synthesis^ 1975, 

20 135) and alkylation with electrophiles (such as halides, sulfonates) are useful for the prq)aration 
of compounds of formula 4 from 4-aminopyrimidines. The 5-amino group can be introduced 
usmg amine formation reactions such as nitration followed by reduction (Dhainant et al. J. Med. 
Chem.^ 1996, 39: 4099), arylazo compound formation followed by reduction (Lopez et al. 
Nucleosides & Nucleotides, 1996, 75: 1335), azide formation followed by reduction, or by 

25 rearrangement of cartioxylic acid derivatives (e.g. Schmidt, Curtius, and Beckmann reactions). 



in.2.fl Preparation of Functionalized Linker OO Phosnhonate. 

Coupling of aromatic or aliphatic aldehydes, and caiboxylic acid derivatives with 
attached phosphonate ester are particularly suited for the prq)aration of compounds of formula 
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m as described in section IL2.d. Such phosphonate esters are prepared by the methods described 
earlier in section L2.a. 

A second lithiation step can be used to incorporate the alddiyde functionality, although 
other mdhods known to generate aromatic aldehydes can be envisioned as well (e.g. Vilsmeier- 

5 Hack reaction, Reimar-Teimann reaction etc.). In the second lithiation step^ the lithiated aromatic 
ring is treated withieagents that either directly generate an aldehyde (e.g. DMF, HCO2R, etc.) or 
with reagents tiiat lead to a group that subsequently transformed into an aldehyde group using 
known chemistry (e.g. alcohol, ester, cyano, alkene, etc.). It is also envisioned that sequence of 
these reactions can be reversed, i.e. the aldehyde moiety can be incorporated first followed by the 

1 0 phosphorylation reaction. The order of the reaction will be dependent on reaction conditions and 
protecting groups. Prior to the phosphorylation it is also envisioned that it may be advantageous 
to protect the aldehydes using a number of well-known steps (hemiacetal, hemiaminal, etc.,). The 
aldehyde is then unmasked after phosphorylation. {Protective groups in Organic Synthesis^ 
Greene, T. W., 1991, Wiley, New York). 

15 

in.3) BENZIMIDAZOLE BASED INHIBITORS: 

Synthesis of the benzimidazole compounds encompassed by the present invention 
typically includes some or all of the following general steps: (a) deprotection of phosphonate 
ester; (b) substitution of the heterocycle; (c) substitution or modification of 2-substituent; (d) 
20 cyclization to generate benzimidazole ring system; (e) synthesis of the substituted 1,2- 

phenylenediamine precursors; and f) preparation of fimctionalized linker (X) phosphonate. A 
detailed discussion of each step is given below. 
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ni.3.a^ DcDTO tection of Phosphonate Ester 

Dq>rotection of phosphonate esters is effected as described in section IL2.a. 

m,3.b) Substitution of the Heterocvcle 

The benzimidazole ring system of fonnula 8, may require further elaboration to provide 
desired compounds of fonnula 9. 

i^ Substitution of the Phenyl Ring 

ElectrophiUc and nuclepphiUc substitution reactions mable incor^ 
substitutions encompassed by the formula 9. (March, Advanced Organic Chemistry by, Wiley- 
Interscirace, 1992, S01-S21; 641*654). For example treatment of the conq>ounds of fonnula 8 , 
whm A is NH2, L and J are hydrogois with NBS, NCS or NIS in halogmated solvents sudi as 
caibon tetrachloride or chloroform gives halo-substituted compounds of fonnula 9 (L and/or J 
are halogens). Compounds of formula 9, where A is NO2, L and/or J are alkenyl, alkynyl, alkyl, 
or aryl groups, and Y is H or alkyl, may be prepared from the formula 8, where A is NO2, R is 
H or alkyl, and L and/or J are halogens, preferably bromide or iodide, through Stille 
coupUng(Stille, Angew. Chem. Int. Ed. Engl. 1986, 25: 508-524). Treatment of the compounds of 
formula 8, where A is N02> and L and/or J are bromides, with coupling reagent (e.g. 
tributyl(vinyl)tin, phenylboronic acid, propargyl alcohol, iV^W^propargyl amine etc.) in presence 
of palladium catalyst [e.g. bis(triphenylphosphine)palladium (II)chIoride, 
tetrakis(triphenylphosphine) palladium(0), etc.] in solvent, such as DMF, toluene, etc. provides 
the coupling products. The compoimds thus obtained can be modified as needed. For example 
vinyl or propargyl alcohol derivatives can be hydrogenated to give the ethyl or propyl alcohol 
derivatives respectively. These alcohol can be further modified as required via alkyl halides (ref 
Wagner et al. Tetrahedron Lett. 1989, 30, 557) or alkyl sulfonates etc. to a number of substituted 
alkyls such as amino alkyl compounds by subjecting them to nucleophilic substitution reactions 
(March, Advanced Organic Chemistry , Wiley-Interscience, Fourth Edition, 1992, 293-500). 
Alternately, these substitutions can also be done by metal exchange followed by quenching with 
an 2^)propriate nucleophile (Jerry March, Advanced Organic Chemistry , Wiley-Interscience, 
1992, 606-609). Nucleophilic addition reactions can also be useful in prq)aring compounds of 
formula 9. For e.g. when A is NO2, L and/or J are halogens nucleophiles such as aikoxides, 
thiols, etc. provides the halogen displacement products. (March, Advanced Organic Chemistry , 
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Wiley-Intmcience, Fouith Edition, 1992, 649-676). Another example is the addition reactions 
for example cyclopropanation (Votbruggen et dl^Tetrahedron Lett 1975, 629) on the olefins(e.g. 
styiyl type) synthesized through StiUe coupling. 

If required, these substituted compounds can be further modified to the desired products. 
5 For example reduction of the NO2 to NH2 may be done in many different ways, e.g. Pd/C, H2> 
aq. Na2S204, etc. (Larock, Comprehensive Organic Transformations , VCH, 412-415). These 
primary aromatic amines can also be modified as needed. For example N-acetyl derivatives can 
be prepared by treatment with acetyl chloride or acetic anhydride in presence of a base such as 
pyridine and mono-, or di-alkylamines can be synthesized by direct alkylation, using a base such 
10 as NaH in polar solvents such as DMF or by reductive alkylation (ref. Abdel-Magid et al. 

Tetrahedron Lett. 1990, 31, 5595; also see ref. March, Advanced Organic Chemistry , Wiley- 
Interscience, Fourth Edition, 1992, 898-900 for more methods). 

ii) Alkvlation of the Imidazole Ring 
1 5 Alkylation of the heterocycle of formula 8, (where R and J are both H) is obtained 

through two distinct methods that are amenable to a large number of electrophiles. 

Mitsunobu Alkylation 

Alkylation of the benzimidazole ring system of formula 8, is achieved by treatment of an 
20 alcohol, triphenylphosphme and diethylazodicaiboxylate with heterocycle and a non- 

nucleophilic base such ias Hunigs base in polar solvmts such as CH3CN (Zwierzak et al, Liebigs 
Ann. Chem, 1986, 402). 

Base Alkvlation 

25 Alternately, the benzimidazole ring system of formula 8 can be deprotonated with a 

suitable base, preferably cesium carbonate in a polar aptotic solvent such as DMF, and the 
resulting anion is alkylated with an appropriate electrophilic component Y-L', where L* is a 
leaving group preferably bromide or iodide. 

30 ni.3.c^ Substitution or Modification of 2-Substituent 

Another key intermediate envision^ in the synthesis of compounds of formula 8 are 
substituted 2-methylbenzimidazoles. These compounds are readily prepared by condensing 
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Ac20 with the appropriate l^-phenylenediamine (Phillips, J. Chem. Soc, 1928, 29: 1305). 
These compounds are useful in the synttiesis of formula IV, ^dierein X is 
CH2ZCH2(Z^,S,NH). For example, compounds where Z=0 iare readily prepared by treatmoit 
of the 2*methylbenzimidazole with a halogeneUing agent such as NBS followed by reaction with 

5 the hydroxymethyl phosphonate ester (also see section 6, Synthesis of the Linker-P03R2). 
Alternately, a heterosubstituted methyl phosphonates can also be prepared by displacement 
reactions on phosphonomethyl halides or sulfonates (Phillion et al., Tetrahedron Lett.y 1986, 27: 
14774) with an appropriate nucleopbile e.g. 2-hydroxylmethyl benzimidazole compound which 
can be prepared using a variety of methods, including oxidation of the substituted 2-methyl 

10 benzimidazoles. 

Similarly, compounds of formula IV, where X is carboxypropyl or sulfonopropyl can be 
prepared from the reaction of 2-(2-iodoethyl) benzimidazole and corresponding 
phosphonomethylcaiboxylate or phosphonomethylsulfonate (Carretero et al., Tetrahedron , 
1987, 43^ 5125) in presence of base such as NaH in polar aprotic solvents such as DMF. The 

1 5 substituted 2-(2-iodoethyl) benzimidazole can be prepared fiom condensation of the 

corresponding substituted diamine and 3-halopropanaldehyde. Also see ref Magnin, D. IL et aL 
J. Med, Chem. 1996, 39, 657 for the preparation of a^phosphosulfonic acids. 

The compounds of formula 8 where X is all cart)on e.g, -(CH2)3- can be prq)ared by 
Stille coupling (Stille Angew. Chem. Int. Ed. Engl 1986, 25: 508-524) of the 

20 dialkylphosphopropenyl tributylstanne {J. Org, Chem. 1993, 58., 1986, 27: 1051). 
The compounds of formula 8 where X is an amide linker 
e.g. •CONHCH2- can be synthesized using the following two steps. Treatment of the appropriate 
1,2-phenylenediamine with trihalomethylacetamidate preferably trichloromethylacetamidate in 
polar solvoit such as acetic acid followed by hydrolysis of the trihalomethyl group with strong 

25 aqueous base (e.g. KOH) gives the benzimidazole-2-caiboxylic acid {Eur. J. Med. Chem.^ 1993, 
28: 71). Condensation of the acid with amino phosphonate e.g. 

diethyl(aminomethyl)phosphonate in presence of condensing agent (e.g. pyBOP) in a polar 
solvent such as methylene chloride to provide the amide linker phosphonate. 
The compounds of formula 8 where X is an amide link^ 
30 e.g. -NHC0CH2T can be synthesized using the following two steps. Treatment of the appropriate 
1,2-phenylenediamine with cyanogen bromide (Johnson, et al, J. Med, Chem.^ 1W3, 36: 3361) in 
polar solvent such as MeOH gives the 2-amino benzimidazole. Condensation of the 2- 
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aminobenzunidazole with a caifaoxylic acid e.g. diethyl(caiboxymethyl)phosphonate using 
staiidard coupling conditions (Klausner, et ai, Synthesis, 1972, 453) to provide amide linker 
phosphonate. The 2-aminobmzunidazoles can also be prepared from the 2-bromobenzinudazole 
via 2-aztdobenzimidazole using known methods {Chem. Rev. 1988, 88i 297). 

5 

m3.d) Cvclization to Generate Benrimidazole Ring System 

The bfflzimidazole ring systems of formula 8, is preferably assembled by condensation of 
substituted 1,2-phenylenediamines with an aldehyde (RCHO, where R is e.g. aliphatic, 

3+ 

heteroaliphatic, aromatic or heteroaiomatic etc.) using known methods; (a) in presence of Fe 
1 0 salts preferably FeCl3 in polar solvCTts such as DMF, EtOH etc., (b) reflux in non polar solvrats 
such as toluene followed by oxidation, preferably with iodine (Bistocchi et al. Collect, Czech. 
Chem. C, 1985, 50(9): 1959.).; (c) in cases of protected aldehydes the first condensation can be 
achieved in presence of an dilute inorganic acid preferably 10 % H2SO4 in polar solvents such 
as THE, followed by oxidation with I2. Alternately, this coupling can be achieved with 
1 5 anhydride (RCOOCOR), carboxylic acid (RCOOH) or with the nitrite (RCN) by methods 

rq)orted by Hein, et al, J. Am. Chem. Soc. 1957, 79, 427.; and Applegate, et al, US 5,310,923. 



A 

Lv^x^i^^NHj RCHO, FeCl3 



NH2 RCOOH. PPA 




20 mSnC) Substituted l^Pbenylenediamine 

1 ,2-Phenylenediamines utilized in the preparation of compounds of formula IV^ can be 
synthesized using methods well known in the art. 

(a) Compounds of formula 6, where R is H, can be synthesized from simple aromatic 
25 compounds. Most aromatic compounds, whether of high or low reactivity can be nitrated, 

because a wide variety of nitrating agents are available OVfarch, Advanced Organic Chemistry , 
Wiley-Interscience, 1992, 522-525). The primary aromatic amines are often protected as the N- 
acetyl, before nitration by treatment with acetyl chloride or acetic anhydride. Nitration of the 
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these acetanilides derivatives using 60 % HNO3 and H2SO4 (Monge et al, 7. Med, Chem.. 1995, 
38: 1786; Ridd Chenu Soa Rev. 1991, 20: 149-16S) foUowed by depiotection with strong acids 
(e,g. H2SO4, ECU etc.) and hydiogenation (e.g. H2, Pd/C; Na2S204; etc.) of the resulting 2- 
nitroanilmes to provide the desired substituted i;2-ph»ylenediamines. Similarly substituted 
arylhalides(F,C13r J) can also be nitrated provides a-halonitroaiyl conqiounds followed by 
nucleophilic addition (e.g. NH3, NH2OH, etc) and reduction to generate the diamines. 

(b) Diamines of fonnula 6, where A is NO2 and R is H, can be produced using the method of 
Giivas et al., Synthesis 1992, 1283 and Tian et alJ. Chem. Soc. Perkin Trans 1, 1993, 257 and 
an appropriate o-nitroaniline. A variety of reactions can be used to substitute the o-nitroaniline. 
For examjple halogenation of the nitroaniline (e.g. Br2 ,Cl2, etc.) gives the corresponding 4,6- 
disubstituted or monosubstituted nitroaniline which can be further modified at a later stage. The 
nitro group can be reduced with nimiber of reagents preferably sodium dithionite to provide the 
corresponding diamine. This diamine is then subjected to nitration conditions by first generating 
the 2, 1,3-benzoselenadiazole with selenium dioxide followed by nitric acid. Substituted nitro- 
1,2-phenylenediamines are generated by treatment of the nitro 2,1,3-benzoselenadiazole with 
aqueous hydrogen iodide or NH3/H2S (Nyhammar et al. Acta, Chem. Scand 1986, B40: 583). 
Other methods to simultaneously protect the diamine are also envisioned. 

(c) The compounds of fonnula 6, where R is alkyl or aryl, can be synthesized using the method 
of Ohmori et al, J. Med Chem, 1996, 39: 3971. Nucleophilic substitution of the o- 
halonitrobenzenes by treatment with various alkylamines followed by reduction (e.g. Na2S204 ) 
of the nitro group provides the desired compounds. Alternately, the compounds of formula 6, 
where R is H, can be synthesized from these o-halonitrobenzmes via o-azidonitrobenzoies 
followed by reduction of the nitro group to provide the desired compound. 

(d) Alternately, diamines of formula 6 where R is not H are prepared by reductive alkylation of 
the o-nitroanilines with various aldehydes (e.g. akyl, aryl, etc.) in the presence of a reducing 
agent prefinably NaB(0Ac)3 followed by reduction(e.g. Na2S204 ; Pd/C, H2, etc.) of the nitro 
group (Magid et al Tetrahedron Lett. 1990, 31: 5595). 



m^.Q Preparation of Functionalized Linker pC) P^o^honate, 
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Fimctionalized linker (X) phosphonate;s are synthesized as described in section IL2.f 



n.4) INDOLE AND 9-AZAINDOLE BASED INHTOITORS: 

Synthesis of indole and 9-azaindole conq>ounds encon4>assed by present invention 
typically includes some or all of the following steps: (a) deprotection of phosphonate ester; (b) 
5 ring substitution of heterocycle; (c) modification of 2-substituent to introduce X groiq>; (d) 
synthesis of phosphonate substituted heterocycle by ring closure; (e) synthesis of 2-nitio or 2- 
amino alkylbenzene dmvatives; and (f) preparation of fimctionalized linker (X) phosphonate. 



in.4,a^ Deprotection of Phosphonate Ester 

Dqirotection of phosphonate esters is effected as described in section IL2.a 

in.4,b^ Rinp Substitution of Indole Heterocycle 

15 

iVIntroduction of Y Group on Heterocycle 

Introduction of Y group on the pyrrole ring of the heterocycle is selectiyely achieyed 
either at the carbon or on the nitrogen depending on the reaction conditions employed. This 
selectiye substitution of the Y group also defines regiochemistry of A, L, E, J substituents on the 

20 benzene ring. Substitution at carbon (C-3) of the indole base can be achieyed using palladium 
mediated chemistry (Heck, R. F., Palladium Reagents in Organic Syntheses, Academic Press, 
New York, 1985). In goieral, these reactions entail coupling C3-iodo or -bromo indoles with 
boronic acids (Pure & AppLChenu 1991, 63: 419) and stannanes (Stille, J. K., et al, /. Am. Chem, 
SoCy 1984, 106: 4630) in the presmce of a palladium catalyst. Terminal acetylenes also react in 

25 the presence of copper (I) chloride and a palladium catalyst in a modified Stephens-Castro 

reaction (Sonogoshira, K., et al. Tetrahedron Lett., 1975, 4467; Sakamoto, T. et al. Synthesis^ 
1983, 312). These alkynyl or alkenyl groups can be fiuther transformed to alkenyl or alkyl 




A 



10 
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substitution in a hydiogenation reaction by selection of a specific catalyst (Hutchins in Patai, The 
Chemistry of Functional groups^ Wiley, New York, 1983, 571; Lindlar, H., et al. Org. Syntk 
Coll. vol. V, 1973, 880). Precursors for diese coupling reactions can be made by halogenation at 
C-3 position of indole using reagrats such as N-halosuccinimide (Mistry, A. G., et al. 
Tetrahedron Lett,^ 1986, 27: 1051) or pyridinium bromide potromide (Erickson, K. L., et al, 
Syn. Commun.^ 1981, Ih 253). 

Introduction of a Y group at the N-1 position of the indole in compounds of formula 10 
can be obtained by base-promoted alkylation with halides or sulfonates. Suitable bases include 
cesium carbonate or sodium hydride in an aprotic solvent (Guida, W. C, et al, / Org. Chem., 
1981, 46: 3172; Kikugawa, Y., Synthesis, 1981, 124). Palladium catalyzed N-alkylation of aryl 
iodides is also an applicable m^od to introduce Y groups (Wolfe, J. P., ei al, org. Chem.^ 
1996, 61: 1 133). Altmiatively, Mitsunobu reaction conditions can be used for N-1 substitution of 
the heterocycle (Mitsunobu, O., synthesis, 1981, 1) using a variety of alcohols. 

ii^ Substitutio n of ttie Benzene Ring of the Heterocvcle 

Substiturats A, L, E and J in formula 10 can be introduced through reactions on indole or 
indole precursors. For example, substituents can be introduced on the heterocycle by substitution 
reactions (Hegedus, L. S., Angew. Chem., Int. Ed. Engl, 1988, 27: 1 13) and fiirthCT converted to 
required functional groups at this stage. Functional groups on the benzene ring are transformed 
after addition of the linker phosphonate and before the deprotection of the phosphonate diester. 

Amino groups can be incorporated fiom nitro groups introduced through nitration 
reaction of the heterocycle (Masuda, T., et al, Heterocycles, 1987, 26, 1475). Nitration reaction 
of indoles results in a mixture of 4- and 6- regio isomers. Selectivity is obtained based on the 
ofber substituents on the benzene ring. The reduction of the nitro functional group is 
accomplished utilizing methods such as catalytic hydrogenation or a chemical reduction (e.g., 
Sn/HCl). Alternatively, selective nitro group reduction is obtained by aqueous sodium dithionate 
reaction. These conditions avoid hydrogenolysis of double bonds or reductive elimination of 
halogens {Org. Syn. Coll. vol 3, 1955, 69). Amines can be used to introduce other groups by 
diazotizadon reactions (Wulfinan, in Patai The Chemistry of Diazonium and Diazo Groups, 
Wiley, New York, 1978, 286-297). Amine groups are also expected to facilitate other 
substitution reactions. Halog^iadon reaction of the heterocycle results in A, L, E, J substitution 
with 4- and 6-amino indole isomers. Bromo or iodo substituents can be further transformed into 
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various substituents by traositioii metal dxemistry (Heck, R. F., Palladium Reagents in Organic 
Syntheses^ Acadonic Press, New Yoik, 1985). The metallation strategy devised by Mayar et al. 
(J. Org. Chem.^ 1986, 5/: 5106) can be used to substitute different groups (e.g., C02R> COR, 
SMe, alkyl, atyi) at the S-position. 

5 

m.4.c^ Modification of 2>Substituent to Introduce X Group with Phosphonate 

2^Substituted indole heterocycles can be converted to intmnediates useful for die 
syndiesis of compounds of formula 10. For sample, compounds of fonnula 1 where X is 
methyleneaminocatbonyl may be obtained through a two-step procedure as shown below. 

1 0 Indole-2-caiboxylic esters are hydrolyzed using standard basic conditions (e. g. NaOH, K2CO3). 
The resulting caiboxylic acids are coupled to form amide linkage (Klausner, et al. Synthesis, 
1972, 453; Bodansky, The Practice of Peptide Synthesis, Springer, New York, 1984) with amino 
substituted phosphonate utilizing known coupling agents such as Pyr-BOP {Tetrahedron Lett,, 
1991, 32: 6387), Substituted indole-2-carboxylic esters can be prepared, e. g., by Reiss^ indole 

1 5 synthesis (Rosenmond, P., et al, Ber.^ 1966, 99: 2504). The reaction involves condensation of 2- 
nitro toluene with ethyl acetoacetate in presence of a mild base followed by a reductive 
cyclization. 



20 



25 




UNNaOH 
2. PyBOP 




Z=alkyl, aryl 

Compounds of fonnula 10, where X is caiboxypropyl or sulfonopropyl can be prepared 
firom the reaction of 2-(2-iodoethyl)indole and corresponding phosphonomethylcaiboxylate or 
phosphonomethylsulfonate (Carretero et al.. Tetrahedron , 1987, 43, 5125) in presCTce of base 
(eg. NaH) in polar aprotic solvaits (eg. DMF). Substituted 2-(2-iodoethyl) indoles are prepared 
using know indole chanistry (eg. Fischer indole synthesis). For tiie preparation of a- 
phosphosulfonic acids see Magnin, D. R. et al. J. Med. Chem. 1996, 39, 657. 
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Following well-reported literature procedures, other modification of 2-substitueat of 
indoles can be used to synthesized various compounds of formula 10. For example, compounds 
of formula 10 where X is carbonylalkyl can be prepared fix)m 2-carboxyaIkylindoles via 
conversibn of 2-carboxyalkylindoles to their corresponding acid chloride and followed by 
5 Arbuzov reaction {Chem. Rev. 1984, 84: 577) with an alkyl phosphite to give 2-(2- 

dialkylphosphonocarbonylethyl)h3doles. These a-ketophosphonates can be converted to the a- 
hydroxyphosphonates and a,a-dihalophosphonates (Smyth, et al. Ten. Lett,, 1992, 33, 4137). For 
another way synthesizing these a,a-dihalophosphonates see Martin et al.7e/r. Lett,, 1992, 33, 
1839. 

1 0 3-Substituted indoles can be brominated selectively at the 2-position (Mistry, A. G., et al. 

Tetrahedron Lett,, 1986, 27: 1051). These intermediates are useful in the prqiaration of 
compounds where X is alkyl, aryl, alkylamino, arylamino, alkylthio, and arylthio. For example, 
the bromo can be replaced by such groups through a nucleophilic substitution reaction. 
Alternatively, phosphonate containing aromatic boronic acids, alkenyl staimanes or alkynyl X 

1 5 groups can be introduced in palladium mediated chemistry (Heck, R. F., Palladium Reagents in 
Organic Syntheses^ Academic Press, New York, 1985). In an alternate metallation route, N- 
substituted or protected indoles undergo Uthiation reaction at the 2-position which is useful in 
reactions with various electrophiles (Synthesis^ 1991, 1079; HeterocycleSy 1992, 35:173). 
Compoimds of Formula 10 containing alkoxyalkyl as X group can be synthesize from indol6-2- 

20 carbinol intermediates obtained from the metallation reaction by quenching with an aldehyde (e. 
g. formaldehyde). The phosphonate groups are introduced by 0-alkylation of hydroxyl with 
dialkoxy phosphonomethyl halide. 

Compounds of formula 10 where X and Y substituents are fused to give annulated 
indoles can be made in two general methods. Alicyclic fused compounds can be made by Diels- 

25 Alder reaction of propargyl phosphonate with 3-vinyl indole derivatives (Pindur, U., 

Heterocycles^ 1988, 27, 1253). Heterocyclic aimulated indoles are synthesized from Indole-2- 
methylene amines by Heck type reactions {Tetrahedron Lett., 1996, 37: 2659) and also by ring 
closiure reaction of tryptamine derivatives with aldehydes (Peng, S. Q. et al, Liebigs. Ann. Chem.^ 
1993, 2: 141; Pellegrini, C, et al, Tetrahedron-Asymmetry, 1994, 5: 1979). Phosphonate ester on 

30 the annulated heterocycle can be substituted by dialkoxyphosphonomethyl triflate {Tetrahedron 
lett., 1986, 27: 1477). 
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niAd^ Synthesis of Phosphonate Substituted Indole bv Ring Closure 

another synthetic route, cranpounds of foimuk 10 are assonbled by a ring closure 
reaction (Sundberg, R. J.^ Jndoles\ Academic press: San Diego, 1996). 

Qdr of such synth^c sequences involve the use of a phosphonate substituted aiyl 
ald^yde. This aldehyde is condensed with a 2-nitroben^l ylide, which is graierated in situ by 
treating 2-mtrobaizyltriphenyl pho^honium chl(»ide with a base, e. g., potassium t-butoxide. 
The Wittig salt is mad^ under usual conditions by reaction of 2-mtrobenzyl halide with 
thphenylphosphme (Murphy, P. B., et al, Chem. Soc Rev. 1988, 17:1: Maiyanofl^ B. B., et al, 
Chem. Rev. 1999, 89:^63). 



10 



>-X— PO^ta 



H 



^uOK 



J Y 



(EtO)3P 



Or 

PdCl2(Ph3P)2 
SriClj. CO 



X-PO^ta 




The diastereomeric mixture obtained finom ihe cond«isation is then treated with 
triethylphosphite under refluxing conditions. This key step involves reduction of flie nitro groiq) 

1 5 and consequent addition of nitrene into the styryl double bond resulting in a substituted indole 
heterocycle as in formula 10 (Gehni, M.L., et al, J.Chem. Soc. Perkin /, 1993, 969). 2- 
Vinyhiitrobenzenes can also be prepared using other known methods, such as transition metal 
catalyzed coupling reaction between 2-halonitrobenzene and vinyl tin reagents. The above 
sequence can be used in the synthesis of compounds of formula 10, where X is an aryl group. 

20 Various phosphonate substituted aiyl aldehydes can be prepared and used in this condensation. 
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These types of reductive cyclizations can also be achieved in the presence of a catalytic 
amount of PdCl2-SnCl2 undor caibon monoxide atmosphere (Akazome, M, et al, Oiem. Lett 
1992, 769). Another transition metal catalyzed synthetic approach by Laiodc, R. C, et al, 
Am. Chem, Soc^ 1991, 775, 6689) is also suitable to obtain conq>ounds of formula 1 by a ring 
5 closure reaction. 

Another ring closure method useful for indole synthesis is the palladium catalyzed 
cyclization reaction between 2-haloaniline and an aDcyne, alkene or ketone (/. Org, ChettL, 1997, 
62(9), 2676; 62(19), 6464, 6507). More importantly, tiiis zpproddtx has been adopted for 
combinatorial synthesis of indoles on solid-phase which can be applied for the synthesis of 
10 indole FBPase inhibitors (Tetrahedron Lett., 1997. 38(13), 2307), 

ConqK>unds of fonnula 10 are also prqiared fiom o-toluidine trisubstituted amide 
cyclization, known as the Madelung indole synthesis (Brown, R. KL, Indoles, Wiley New Yoric 
1972 Part 1; Houlihan, W. J., et al, J. Org. Chem., 1981, 46: 451 1). The amide is cyclized under 
modified Madelung reaction conditions in the presence of potassium ethoxide. The cyclization 
1 5 precursor is prepared by N-alkylation of amide followed by treatment with a non-nucleophilic 
base such as LDA and quenching the heteroaiyl anion with cfalorodialkylphosphonate. Tlie 
starting amide is an addition product of substituted o-toluidine and acid chloride. 




LYBr.KOH 



X= furan, thiophene, oxazole, thiazote 



KOEt 

1' 
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2-AcylaminobeiizyIidenephosphoranes also lead to indoles by an intramolecular Wittig reaction 
with the amide caibonyl group (Le Corre, M., et al, Tetrahedron, 1985, ^^7: 5313; Qq>uano, L., et 
al, Chem. Ber., 1986. 1 19: 2069). 

Alternatively, compounds of formula 10 can be obtained from silylated 2-amino brazylic 
5 bromide by treating o-toluidines with 2 equivalmts of lithiating agent (e.g. n-BuLi) and TMSCl 
followed by bromination. Mixed prganometaUic intermediates are then prepared by reactions 
with Zn and a soluble copper comply (CuCN«2LiGl). This reactive intermediate undergoes 
cycUzation with an acyl chloride to give higjily substituted compounds (Chen, H. G., et al. 
Tetrahedron Lett. 1989, 36\ 4795; Bartoli, G., et al, J. Chem. Soc. Chem Commun., 1988, 807). 




V<~,. 1 




J 



Altemativcly, C-2 and C-3 substituted heterocycles of formula 10 can be made by 
condensation of a carboxylic acid ester with an organo dilithium intermediate of N-trimethylsilyl 
toluidine. Inverse addition of this organodilithium intermediate to a solution of aryl or alkyl ethyl 
1 5 ester results in a substituted indole heterocycle. ( Smith, A, B., et al^ Tetrahedron Lett. 1985, 26: 
3757; Li, J. P., et al, Synthesis, 1988, 73). 
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In another classical method known as the Fischer indole synthesis, conqsounds of formula 
10 can be synthesized fix>m aiyl hydrazine with an aldehyde or ketone via hydrazone fonnation. 
5 Lewis acid catalyzed [3.3]sigmatropic rearrangement of the hydrazone followed by cyclization 
of the enamine results in substituted indole (Robinson, The Fischer indole synthesis; Wiley: New 
York, 1983). Zinc chloride is the most frequently used reagoit among many known conditions, 
however, various metal halides or acids (eg. acetic acid, sulfinic acid) also promote the reaction 
(Synthesis^ 1980, 2222). Mild acids are used in synthesis of C-2 and C*3 fused indoles known 
1 0 (Simuzu, L, et al, Chem. Pharm. BtdL, 1971, 19: 2561). 




Phosphonate substituted 9-azaindoIe (also known as imidazopyridine) can also be 
1 5 synthesized via ring closure reactions {Heterocycles, 1997, 45(5) ^ 897; Synthesis^ 1996, 927). 



wo 99/45016 



102 



PCTAJS99/M908 



One method usefiil for 9-azain(lole synthesis is the cyclization reaction between 2-aminopyiidine 
and a-haloketones (eg. a-bromoketone, a-chloroketone) and ketone d^vatives as shown below 
(/. HeterocycL Chem., 1989, 26, 1875). 




It is advantageous to have phosphonate ester presence in the a-bromoketone segmiBot, 
however phosphonate can also be introduced to existing 9*azaindole. For example, 2- 
phosphonomethylaininocari)onyl-9-azaindole can be prepared fiom 2-ethoxycarbonyl-9- 

1 0 azaindole (available via cyclization reaction between 2-aminopyridine and ethyl bromopyruvate) 
as described in section n.4.b (Modification of 2-substitueni to Introduce X Group with 
Phosphonate). 2-Phosphonomethoxymethyl-9-azaindole can also be synthesized from 2- 
ethoxycaibonyl-9-azaindole by the following sequence: reduction of 2*ethoxycaibonyl group to 
2-hydroxymethyl group, followed by alkylation with dialkylphosphonomethyl halide (preferably 

1 5 iodide) as described in section n.4.b. Other modifications of 9-azaindole can be conducted as 
described early. 

n.4.e^ Svnthesis 2-NitrD or 2-Amino Alkvl Benzme Derivatives: 

Building blocks for substituted benzrae nuclei are obtained by nitration of alkyl 
20 bodzenes. These compounds can be fiirther transformed to 2-amino alkyl benzenes. 2-Amino 
alkyl benzenes can also be obtained bom alkylation of aniline derivatives. A variety of 
substitutions on these groups can be made following known chemistry (Nfareh, J., Advanced 
Organic Chemistry, J. Wiley, New York, 1992, S01-S68). N-Acyl and N-alkyl precursors can be 
obtained by methods mentioned earlier. 

25 



n.4.fl Synthesis of Linker (X groups Phosphoiiate Diester 

Functionalized linker (X) phosphonates are synthesized as described in section n.2.f 
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Formnlatloiis 

Compounds of tiie invention aie adniinistered orally in a total daily dose of about 0.1 
mg/kg/dose to about 100 mg^g/dose, preferably 6om about 0.3 mg/kg/dose to about 30 
mg/kg/dose. The most preferred dose range is from 0.5 to 10 mg/kg (approximately 1 to 20 
nmoles/kg/dose). The use of time-release preparations to control the rate of release of the active 
ingredient may be preferred. Tlie dose may be adininistered in as niany divided doses as is 
convenient. When other methods are used (e.g. intravenous administration), compounds are 
administered to the affected tissue at a rate fiiom 0.3 to 300 nmol/lcg/min, preferably fiom 3 to 
1 00 nmoles/kg/min. Such rates are easily maintained when these compounds are intravenously 
administered as discussed below. 

For the purposes of tiiis invention, the compounds may be administered by a variety of 
means including orally, parmterally, by inhalation spray, topically, or rectally in formulations 
containing pharmaceutically accqptable carriers, adjuvants and v^cles. The term parenteral as 
used h^ includes subcutaneous, intravenous, intramuscular, and intraarterial injections wifli a 
variety of infusion techniques. Intraarterial and intravenous injection as used herein includes 
administration through catheters. Oral administration is generally preferred. 

Pharmaceutical coiiq;>ositions containing the active ingredient may be in any form 
suitable for the intended method of administratiorL When used for oral use for example, tabl^, 
troches, lozenges, aqueous or oil suspensions, dispersible powders or granules, emulsions, hard 
or soft capsules, syrups or elixirs may be prepared. Compositions intended for oral use may be 
prepared according to any method known to the ait for the manufacture of pharmaceutical 
compositions and such compositions may contain one or more agents including sweetening 
agents, flavoring agents, coloring agents and presenong agents, in ord^ to provide a palatable 
preparation. Tablets containing the active ingredient in admixture with non-toxic 
pharmaceutically acceptable excipient which are suitable for manufacture of tablets are 
accq>table. These excipients may be, for exanq>le, inert diluents, such as calcium or sodium 
carbonate, lactose, calcium or sodium phosphate; granulating and disintegrating agents, such as 
maize starch, or alginic acid; binding agents, such as starch, gelatin or acacia; and lubricating 
agents, such as magnesium stearate, stearic acid or talc. Tablets may be uncoated or mi^ be 
coated by known techniques including microencapsulation to delay disintegration and adsorption 
in the gastrointestinal tradt and thereby provide a sustained action over a longer period. For 
example, a time 
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delay material such as glyceryl monosteaiate or glyceryl disteaiate alone or with a wax may be 
employed. 

Fonnulations for oral use may be also presented as hard gelatin capsules where the active 
ingredient is mixed with an inert solid diluent, for example calcium phosphate or kaolin, or as 
soft gelatin capsules wherem the active ingredient is mixed with water or an oil medium, such as 
peanut oil, liquid paraffin or olive oil 

Aqueous suspensions of the invention contain the active materials in admixture with 
excipients suitable for the manu&cture of aqueous suspensions. Such excipients include a 
suq>ending agent, such as sodium caiboxymethylcellulose, methylcellulose, hydroxypropyl 
methylcelluose, sodium alginate, polyvinylpynolidone, gum tragacanth and gum acacia, and 
dispersing or wetting agents such as a naturally occurring phosphatide (e.g., lecithin), a 
condensation product of an alkylene oxide with a &tty acid (e.g., polyoxyethylene stearate), a 
condensation product of ethylme oxide with a long chain aliphatic alcohol (e.g., 
heptadecaethyleneoxycetanol), a condensation product of ethylene oxide with a partial ester 
derived fiom a £Eitty acid and a hexitol anhydride (e.g., polyoxyethylene sorbitan monooleate). 
The aqueous suspension may also contain one or more preservatives such as ethyl or n-propyl p- 
hydroxy-benzoate, one or more coloring agents, one or more flavoring agents and one or more 
sweetraing agents, such as sucrose or saccharin. 

Oil suspensions may be formulated by suspmding the active ingredient in a vegetable oil, 
such as arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil such as liquid paraffin. 
The oral suspensions may contain a thickening agent, such as beeswax, hard paraffin or cetyl 
alcohol. Sweetening agents, such as those set forth above, and flavoring agents may be added to 
provide a palatable oral preparation. These compositions may be preserved by the addition of an 
antioxidant such as ascorbic acid. 

Dispersible powders and granules of the invention suitable for preparation of an aqueous 
suspension by ttie addition of wat^ provide the active ingredient in admixture with a dispersing 
or wetting agent, a susp»ding agent, and one or more pres^vatives. Suitable dispersing or 
wetting agents and suspending agents are exemplified by those disclosed above. Additional 
excipients, for example sweetening, flavoring and coloring agents, may also be present 

The pharmaceutical compositions of the invention may also be in the form of oil*in-wata: 
emulsions^ The oily phase may be a vegetable oil, such as olive oil or arachis oil, a mineral oil, 
such as liquid paraffin, or a mixture of these. Suitable emulsifying agents include naturally- 
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occuiring gums, such as gum acacia and gum fragacanth, naturally occurring phosphatides, sudi 
as soybean lecittiin, estsats or partial esters derived from &tty acids and hexitol anhydrides, such 
as soibitan monooleate, and condensation products of these partial esters with ethylene oxide, 
such as pblyoxyethylene sorbitan monooleate. The emulsion may also contain sweetening and 
flavoring agents. 

Syrups and elixirs may be formulated with sweetening agmts, such as glycerol, sorbitol 
or sucrose. Sudi formulations may also contain a demulcent, a preservative, a flavoring or a 
coloring agent 

The phannaceutical conqpositions of the mvCTtion may be in the form of a sterile 
injectable prq>aration, such as a sterile injectable aqueous or oleaginous suspension. This 
suspoision nmy be formulated according to the Imown art using those suitable diq^ 
wetting agents and suspoiding agents which have been mentioned above. The sterile inject^le 
preparation may also be a sterile injectable solution or suq;)aision in a non-toxic parentorally 
acceptable diluent or solvent, such as a solution in 13-butane-diol or prepared as a lyophilized 
powder. Among the acceptable vehicles and solvents that may be employed are water, Rin^s 
solution and isotonic sodium chloride solutiort In addition, sterile fixed oils may conventionally 
be employed as a solvent or suspending medium. For this purpose any bland fixed oil 
may be employed including synfiietic mono- or diglycerides. hi addition, fatty acids such as 
oleic acid may likewise be used in the prqparation of injectables. 

The amount of active ingredient that may be combined with the carrier matoial to 
produce a single dosage form will vary depending upon the host treated and the particular mode 
of administratioiL For exanq)le, a time-release formulation intended for oral administration to 
humans may contain 20 to 2000 (miol (qiproximately 10 to 1000 mg) of active material 
compounded with an appropriate and convenient amount of carrier material which may vary 
fiom about S to about 95% of the total compositions. It is preferred fiiat die phannaceutical 
composition be prq>ared which provides easily measurable amounts for administratioiL For 
example, an aqueous solution intended for intravenous infiision should contain firom about 0.05 
to about SO imiol (approximately 0.025 to 25 mg) of the active ingredient per milliliter of 
solution in order that infusion of a suitable volume at a rate of about 30 mL/hr can occur. 

As noted above, formulations of the present invention suitable for oral administration 
may be presented as discrete units such as capsules, cachets or tablets each containing a 
predetermined amount of the active ingredient; as a powder or granules; as a solution or a 
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suspension in an aqueous or non-aqueous liquid; or as an oii-in-water liquid emulsion or a water- 
in-oil liquid emulsion. The active ingredient may also be administered as a bolus, electuaiy or 
paste. 

A tablet may be made by compression or molding, optionally witti one or more accessory 

5 ingredirats. Conq)ressed tablets nuty be prqpared by compressing in a smtabl^ 

active ingredient in a free flowing form such as a powder or granules, optionally mixed witti a 
binder (e.g., povidone, gelatin, hydroxypropylmethyl cellulose), lubricant, inert diluent, 
preservative, disintegrant (e.g., sodium starch glycolate, oDoss-linked povidone, cross-linked 
sodium caiboxymethy 1 cellulose) sur&ce active or dispersing agent Molded tablets may be 

10 made by molding in a suitable machine a mixture of the powdered conqiound moistmed with an 
inert liquid diluent. The tablets may optionally be coated or scored and may be formulated so as 
to provide slow or controlled release of the active ingredient therein using, for exansple, 
hydroxypropyl methylcellulose in varying proportions to provide the desired release profile. 
Tablets may optionally be provided with an enteric coating, to provide release in parts of the gut 

15 other dian the stomach. Thisisparticularly advantageous with the coriq[)ounds of formula 1 
when such compounds are susceptible to acid hydrolysis. 

Formulations suitable for topical administration in the mouth include lozenges 
comprising the active ingredient in a flavored base, usually sucrose and acacia or tragacanth; 
pastilles comprising the active ingredient in an inert base such as gelatm and ^ycerin, or sucrose 

20 and acacia; and mouthwashes comprising the active ingredient in a suitable liquid carrier. 

Formulations for rectal administration may be presented as a suppository with a suitable 
base comprising for example cocoa butter or a salicylate. 

Formulations suitable for vaginal administration may be presented as pessaries, tampons, 
creams, gels, pastes, foams or spray formulations containing in addition to the active ingredient 

25 such carriers as are known in the art to be ^ropriate. 

Formulations suitable for parenteral administration include aqueous and non-aqueous 
isotonic sterile injection solutions which may contain antioxidants, bufifers, bacteriostats and 
solutes which rmder the formulation isotonic with the blood of the intended recipimt; and 
aqueous and non-aqueous sterile suspensions which may include suspending agents and. 

30 thickening agents. The formulations may be presented in unit-dose or multi-dose sealed 

containers, for example, ampoules and vials, and may be stored in a fieeze-dried (lyophilized) 
condition requiring only the addition of the sterile liquid carrier, for example water for injectioiis. 
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immediately prior to use. Injection solutions and suspensions may be prepared fiom sterile 
powdos, granules and tablets of ttie kind previously described. 

Prefenred unit dosage formulations are those containing a daily dose or unit, daily sub- 
dose, or an sq;)pn>priate fraction ttiereof^ of a drug. 

It will be understood, however, that the specific dose level for any particular patient will 
depend on a variety of factors including the activity of the q;>ecific compound enq)loyed; the age, 
body weight, general health, sex and diet of the individual being treated; the time and route of 
administration; the rate of «cretion; other drugs which have previously heai administered; and 
the severity of the particular disease undergoing therapy, as is well undostood by those skilled in 
ttieart. 

EXAMFJLES 

The prodrug compounds of this invention, their intermediates, and their prq>aration can 
be understood further by the examples which illustrate some of the processes by which tiiese 
compounds are prqiared. These examples should not however be construed as specifically 
limiting the invention and variations of the compounds, now known or later developed, are 
considered to fall within the scope of the present invention as hereinafter claimed. 

Compounds of formula n are i»rqpared according to the literature procedures witii 
modifications and additions well unda:stood by those skilled in the art. In general, these 
compounds are synthesized by the mediod of Srivastava, J.Med, Chem. 19, 1020 (1976). Other 
methodology is described by Wood et al. J. Med. Chem. 28: 1 198-1203 (1985); Sagi et al., L 
Med.Chem.3 S: 4549^556 (1992); Paul, Jr. J. Med. Chem. 28: 1704-1716 (1985); Cohen et aL, 
f,An^-Chem,SffCr 95: 4619-4624 (1973). 

Compounds of formulae ni-V are prepared according to the procedures described in 
section Ill,5i(pni. 

Compounds of formula I are prepared using procedures detailed in the following 
examples. 

Example 1: 

General procedure for IVy-cvclohexvl annulated prodrugs bv thionvl chloride reaction : 

A suspension of 1 mmol of phosphonic acid in 5 mL of thionyl chloride was heated at 
reflux temperature for 4 h. The reaction mixture was cooled and evaporated to dryness. To the 
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resulting residue was added a solution of 1 mmol of alcohol and 2.5 mmol pyridine in 3 mL of 

methylene chloride. After stirring at 25 for 4 h the reaction was subjected to woric up and 
chromatography. 

The following compounds were prepared in this manner: 

1.1: 6-Amino-8-(5-hydroxyl-r,3'-cyclohexyl)phosphonofuranyl-9-phenethyl purine. Anal. Cald. 
for C23 H24 N5 05 P + 0. 15 H20: C: 57.06 ; H: 5.06 ; N: 14.47. Found: C: 56.84; H: 4.83; N: 
14.38. 

1.2: 6-Amino-8-(5'-hydroxyl-r,3'-cyclohKcyl)phosphono£uranyl-9-neopaityl purine, minor 

isomer. Rf=0.4 10% MeOH-CH2C12. mp = 248 - 250 °C; Anal. Cald. for C20 H26 N5 05 P + 

0.5 H20: C: 52.63; H: 5.96; N: 15.34. Found: C: 52.62; H: 5.70; N: 15.32. 

13: 6-Amino-8-(5-hydroxyl-r,3' cyclohexyl)phosphonofuranyl-9-neopentyl purine, major 

isomer. R^=0.35 10% MeOH-CH2C12. mp = 225 - 230''C; Anal. Cald. for C20 H26 N5 05 P + 

0.5 H20: C: 52.63; H: 5.96; N: 15.34. Found: C: 52.74 ; H: 5.80; N: 15.32. 

1.4: 6-Chloro-4,5-dimethyl-l-cyclopn)pylmethyl-2-[r-hydroxy-3',5'-cyclohexylphosphono-5- 

fiiianyl]benzimidazole. mp = 21 1 - 215''C; Anal. Cald. for C23 H26 CI N2 05 P + 2/3H20: C: 

56.50; H: 5.64; N: 5.73. Found: C: 56.65; H: 5.54 ; N: 5.64. 

1.5: 6-Chloro-4,5-dimethyl-l-cyclopropyhnethyI-2-[r-acetylhydroxy-3',5'- 

cyclohexylphosphono-5-fiiranyl]benzunidazoIe, minor isomer. Rf=0.35 in 10% MeOH-CH2C12. 

Anal. Cald. for C25H28C1N206P+1.5H20:C: 55.00 ; H: 5.72; N: 5.13. Found: C: 55.19; 

H:5.31; N:4.65. 

1.6: 6-Chloro-4,5-dimethyl-l-cyclopropylmethyl-2-[r-acetylhydroxy-3',5'- 
cyclohexylphosphono-5-furanyl]benzimidazole, major isomo*. Rf=0.4 in 10% MeOH-CH2C12. 
Anal. Cald. for C25H28ClN2O6P + 0.75H20+0.1EtOAc:C: 56.37; H: 5.64; N: 5.18. Found: 
C: 56.68; H: 5.69; N: 4.80. 
1.7: 6-Chloro-l-isobutyl-2-{2-[5-(r-hydroxy-3',5'- 

cyclohexyI)phosphono]furanyl}benzimidazole, minor isomer. Rf=0.60 in 10% MeOH-CH2C12. 
mp = >220'>C; Anal. Cald. for C21 H24 CIN2 05 P + 1/3H20: C: 55.21; H: 5.44; N: 6.13. 
Found: C: 55.04; H: 5.50; N: 6.00. 
1.8:6-Chloro-l-isobutyl-2-{2-[5-(l'-hydroxy-3',5'- 

cyclohexyl)phosphono]furanyl}benzimidazole, major isomer. RM).55 in 10% MeOH-CH2C12. 
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mp = >220'*C; Anal. Cald for C21 H24 Q N2 05 P : C: 55.94; H: 5.37; N: 61^21. Found: C: 
55.73; H: 534; N: 6.13. 

5 Preparation of I'-iaibstituted cvc«e.l'.3'-proDvl esters: 

The following compounds were prq)ared by procedure desoibed for Example 1 : 

2.1: 6<Uon>-14sobutyl-2-(2-^5-(r-R-phaiyl-r3'-propyl)phosphono)fiu:anyl)benziniidazole, 
1 0 m^or isomer. Rf=0.77 in 10% MeOH-CH2C12. nq) = 204 - 206 "C; Anal. Cald. for C24 H24 CI 

N2 04 P: C: 61.22; H: 5.14; N: 5.95. Found: C: 60.95; H: 5.01; N: 5.88. 

2J2: 6-CMoio- 1 -isobmyl-2-(2-(5-(1 '-R-phenyUl ',3'-propyl)phQsphono)fiiranyl)h <»niriniiHaT/< lft, 

minor isomer. RiN).72 in 10% MeOH-CH2C12. Anal. Cald. for C24H24C1N204P4-H20: C: 

58.96; H: 5.36; N: 5.73. Found: C: 58.85; H: 5.48; N: 5.55. 
15 2.4: 6<3doro-l-isobutyl-2-{5-[lS-(4-nitropheny0-2R-acetyIamino-propan-l,3-^]phos^ 

furanyl}benzimidazole, major isomer. Rf=0.35 3% MeOH-CH2C12. Mass Cald. for 

C26H26C1N407P: MH+473: Found: N!H+573. 

23: 6-Chloro^l-isobutyl-2-{5-[lS<4-nitrophenyl>2R-acetylanaino-propan-13-yl]phosphono^^ 
furanyl}benzimidazole, minor. Rf=0.35 3% MeOH-CH2C12. AnaL Cald. for 
20 C26H26ClN4O7Pfl.6H2O+0.25CH2C12: C: 50.61; H: 4.81; N: 8 99. Found: C: 50.25; H: 4.37; 
N:9.01. 

2.6: 6-Chloro- 1 -isobutyl-2- {5-[ 1 SK4-methylthiophenyI)-2S-acetylaniino-propan-l ,3- 
yl]phosphono-2-furanyl} benzimidazole. Anal. Cald. for 

C27H29C1N3O5PS+1H2O+0.35CH2C12: C: 52.83; H: 5.14; N: 6.76. Found: C: 52.44; H: 4.76; 
25 N:6.59. 



Example 3: 

Preparation of I'-furan substituted cvclic-r.3'-ptDpvl estm: 
30 Step A. To a solution of2-furaldehyde (3 g, 31.2 mmol) in THF (60 niL) was added IM 
vinyl magnesium bromide in THF (34 mL) at 0 ^^C. After stirring for an hour, a solution of IM 
. BH3.THF complex in THF was added. The reaction was quenched with 3N NaOH (20 mL) and 
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30% hydrogen peroxide (10 mL) at O^C. The organic fraction was separated and concentrated. 
The crude product was chromatographed by eluting with S% metfianol-dichloromethane to give 
2-(3-furyl)propane-1.3-diol (Ig, 22%). 

5 Step B. The prodrug was made following the procedure as described in Exanqile 1. 

3J:6<3iloro-14sobutyl-2-{5-[lH3-furyl>propan-l\3-y]phosphono-2^ 

mp 160 - 162 OC. Anal. cald. for C22H22CIN2O5P+O.4H2O: C: 56.45; H: 4.91; N: 5.99. 

Found: C: 56.67; H: 4.82 ; N: 5.68. 

10 

Example 4: 

Preparation of T-pyridvl substituted cvclic-r3'»propvl esters: 
Step A:{1 Org. Chem., 1957, 22, 589) 

To a solution of 2-pyridine propanol (lOg, 72.9mmol) in acetic acid (75mL) was added 30% 
1 5 hydrogen peroxide slowly. The reaction mixture was heated to 80^ C for 1 6h. The reaction was 
concentrated under vacuum and the residue was dissolved in acetic anhydride (lOOmL) and 
heated at 1 10"* C overnight. Acetic axihydride was evs^orated upon completion of the reaction. 
Chromatogr2q[>hy of the mixture by eluting with methanol-methylene chloride (1 :9) resulted in 
10.5g (60%) of pure diacetate. 

20 

StgpP; 

To a solution of diacetate (5g, 21.1mmol) in metbanol-water (3:1, 40mL) was added potassium 
caibonate (14.6g, 105.5mmol). After stirring for 3h at room temperature, the reaction mixture 
was concentrated. The residue was chromatographed by eluting with methanol-methylene 
25 chloride (1 :9) to give 2,2g (68%) of crystalline dioL 

Step C: 

The procedure for coupling is the same as described in Example 1 . 



30 The following compounds w^e prepared in this manner. 
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4.1: 6-Aiiimo-9-neopentyl-8-{2-[5-(l'-(2-pyridyI)propane-l'3'- 

yl)phoq>hono]furmyl}pimiie.AnaL Cald. for C22H2SN604FH).7SH2CHIHC1: C: 50.97; H: 
. 5.35; N: 16.21. Found: C: 51.19; H: 5.02 ; N: 15.91. 

4.2: 6-Chloro-l-i8obutyl-2-{5-[l'-(2-pyridyl)-propan-r^'-yl] 
5 phosphono-2-fiiranyl}beDziimdazole. AnaL Cald. for C23H23CIN304P+1 .5H2CH0.3CH2C12: 
C: 53.37; H: 5.1 1;N: 8.01. Found: C: 53.23; H: 4.73 ;N: 7.69. . 
4J:6-Chloio-l-isobutyl-2-{5-[r-<4-pyridyl)^n>pan-r3'-yl]plio^hono-2- 

furanyl}benzimidazole. mp^ 165.0o C(dec.); Mass Cald. for C23H23CIN304P: MH^ 454 : 

Found: MH+454 

10 4.4:4,5,6,7-fetramethyl-l-isobutyl-2-{5-[l-{4-pyridyl)-propan-l,3-yl]phosphono-2- 

furanyl}benzimidazole. Anal. Cald. for C27H32N304P+1.25H20: C: 62.84; H: 6.74; N: 8.14. 
Found: C: 62.82; H: 6.81; N: 8.48. 

4.5: 5-Chloro-4-methyl-l-isobutyl-2-{5-[l-{4-pyridyl)-propan-l,3-yl]phosphono-2- 
furanyUberariniidazole. Anal. Cald. for C24H25C1N3O4P+0.5H2O+0.33HC1: C: 56.86; H: 5.24; 
1 5 N: 8.29. Found: C: 56.97; H: 5.08; N: 8!26. 

StepD: 

To a solution of 6-chloro-l-isobutyl-2-{5-[r-(2-pyridyI)-propan-r3'-yl]phosphono-2- 
furanyI}baizinudazole (I72mg, 0.36mmol) in methylene chloride was added 3- 
20 cbloroperoxybenzoic acid (252mg, 0.72nunol) at 0° C. The reaction was warmed to room 
temperature and allowed stir for 3h. The solvent was evaporated under reduced pressure. 
Chromatography by elution with methanol-methylenechloride (5:95) resulted in lOOmg (56%) of 
pureN-oxide. 

25 The following compoimd was prepared in this manner 

4.4: 6-Chloro-l -isobutyl-2- {5-[r-(N-oxo-2-pyridyl)-propan- 
r,3'-yl]phosphono-2-furanyl}benzimidazole. mp = 195.0 *'C(dec.); Anal. Cald. for 
C23H23ClN3O5P-H).25H2O+0.25CH2C12: C: 54.37; H:4.71; N: 8.18. Found: C: 54.77; H: 
4.86; N: 7.76. 

30 

Example 5: 

Preparation of I'-nhenvl substituted cvcUc-r.3'-DroDvl esters: 
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Step A: g Onz. Chem.. 1988, 53, 911) 

To a solution of oxalyl chloride ( 5.7 mL, 97 nunol) in dichloromethane (200 mL) at 
-78^ C was added dimethyl sulfoxide (9.2 mL, 130 mmol). The reaction mixture was stirred at - 
78^ C for 20 min before addition of 3-(benzyloxy)pn)pan-l-ol (1 1 g, 65 mmol) in 
dichlorom^hane (25 mL). After an hour at -78 C , reaction was quenched with triethylamine 
(19 mL, 260 mmol) and warmed to room tCTiperature. Wotk-up and column chromatography by 
elution with dichloromethane resulted in 8 g (75%) of 3-(benzyloxy)piopan-l-al. 

StepB: 

To a solution of 3-(benzyloxy)propan-l -al (1 g, 6. 1 mmol) in THF at 0** C was added a IM 
solution of 4-fluorophenyimagnesium bromide in THF (6.7 mL, 6.7 mmol). The reaction was 
wanned to room temperature and stirred for Ih. Woric-up and colimm chromatography by elution 
with dichloromethane resulted in 0.7 g (44%) of alcohol. 

StepC: 

To a solution of benzyl ether (500 mg) in ethyl acetate (10 mL) was added 10% Pd(0H)2-C (100 
mg). The reaction was stirred under hydrogen gas for 16h. The reaction mixture was filtered 
through celite and concentrated. Chromatography of the residue by elution with ethyl acetate- 
dichioromethane (1 :1) resulted in 340mg (79%) of product 

StepD: 

The procedure for coupling is the same as described in Example 1 . 

The following compounds wctc prepared in this manner 
5.1 : 6-Chloro- 1 -isobuty 1-2- { 5-[ 1 -(4-fluoropheny l)-propan- 1 ',3 '-y l]phosphono-2- 
furanyI}benzimidazole, minor isomer. RfM).45 in 5% MeOH-CH2C12. mp = 207 - 208 °C; Anal. 
Cald. for C24H23C1FN204P: C: 58.96; H: 4.74; N: 5.73. Found: C: 59.20; H: 4.64; N: 5.59. 
5.2: 6-Chloro-l-isobutyl-2-{5-[r-(4-fluorophenyl)-propan-r,3*-yl]phosphono-2- 
furanyljbenzimidazole, major isomer. Rf=0.4 in 5% MeOH-CH2C12. mp = 176 - 179^*0; Anal. 
Cald. for C24H23C1FN204P-K).5H20:C: 57.90; H:4.86; N: 5.63. Found: C: 57.60; H: 4.68; 
N:5.54. 
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Example 6: 

Preparation of I'^phmvl substituted cvclior,3'-propvl esters: 

5 Step A: (/ Org. Chem., 1990, 51 4744) 

To a solution of diisopropylamine (4.1 mL» 29.4 mmol) in ether (40 mL) at *78 X was added 
2.5M n-butyl lithium (1 1.8 mL, 29.4 mmol). The reaction was stined for IS min before adding t- 
butyl acetate (4 mL, 29.4 mmol) in ether (10 mL). After 20 min, aldehyde (3g, 14 mmol) in ethor 
(10 mL) was added and warmed to room tdnp^rature where it was stirred for 16h. Wozk-iq) and 

1 0 column chromatograqphy by elution with ethyl acetate-dichlorometiiane (1 :9) resulted in 3.3 g 
(33%) of addition product. 

Step B: 

To a solution of t-butyl est^ (1.5 g, 4.S mmol) in THF (20 mL) was added IM lithium aluminum 
1 5 hydride at O^C. The reaction mixture was wanned to room temperature and stirred for 2h. The 
reaction was quoiched with ethyl acetate and saturated aqueous sodium sul&te was added to 
precipitate the salts. Filtration and concentration of solvent resulted in a crude dioL Column 
chromatography by elution witii ethyl acetate-dichloromethane (1:1) gave 970 mg (82%) of pure 
diol. 

20 

StepC: 

The procedure for coupling is the same as described in Example 1 

25 The following compounds were prepared in this manner. 

6,1: 6-Chloro-l-isobutyl-2- {5-[l"-(3-bromo-4-m^oxyphmyl)-pn)pan-r,3-yl]phosphono-2- 
furanyl}b»zimidazole, m^or isomer. Rf=0.35 m 70% £tOAc-CH2C12. mp = 167 - 169 ""C; 
Anal. Cald. for C25H25BrCIN205P: C: 51.79; H: 4.35; N: 4.83. Found: C: 51.77; H: 4.25; N: 
4.73. 

30 6^: 6-Qdoro-i-isobutyl*2-{5-[r-(3*Bn)mo-4-methoxyphenyl)-prppan-l\3*-^^ 

furanyl}benzimidazole, minor isomer. Rf=0.3 in 70% EtOAc-CH2C12. Anal. Cald. for 
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C25H25BrClN2O5P+0.55CHCD: C: 47.54; H: 3.99; N: 4.34. Found: C: 47.50; H: 3.89; N: 
3.99. 

Example 7: 

5 Preparation of 2'-sttbstitoted cvclic-l'-B'-propvl esters: 
Monoacetvlationof2>fhvdroxvmethvlV1.3-prop 

To a solution of 2-(hydioxymetfayl)-13*pn>panediol (1 g» 9.4 nunol) in pyridine (7.5 mL) at O^C 
1 0 was added acetic anhydride (0.89 mL, 9.4 mmol) slowly. The resulting solution was wanned to 
room temperature and stirred for 16h. The reaction was concentrated under reduced pressure and 
cbiomatographed by eluting with methanol-dichloromethane (1 :9) to give 5 10 mg (36%) of pure 
ac^e. 

15 Methvlcarbonate formation of 2-fhvdroxvmethvlVL3-propanediol: 

To a solution of 2-(hydn>xymethyl)-U3-pn)panedioI (1 g» 9.4 mmol) in dichloromethane (20 mL) 
and pyridine (7.5 mL) at O^C was added mettiyl chlorofonnate (0.79 mL, 9.4 mmol) slowly. The 
resulting solution was wanned to room tmiperature and stirred for 16h. The reaction was 
concentrated under reduced pressure and chromatographed by eluting with methanol- 

20 dichloromethane (1 :4) to give 650 mg (42%) of pure carbonate. 

StepB: 

The procedure for coupling is the same as described in Example 1 . 

25 The following compounds were prepared by 8tq>B or by step A and B: 

7.1:6-CUo^o-l4sobuty^2-{5-[2'-(hydroxymethyl)-p^opan-1^3•-yl^^^ 
furanyl}ben2imidazole. mp = 164 - 165 °C; AnaL Cald. for C19H22C1N205P: C: 53.72; H: 
5.22; N: 6.59. Found: C: 53.62; H: 5.18; N: 6.42. 
30 7.2: 6-CWo^>-l-isobutyl-2-{5-[2Kacetoxymethyl)-propan-1^3•-yl]phosphono-^^ 

furanyl}benzimidazole. mp = 132 - 134 **C; Anal. Cald. for C21H24CIN206P: C: 54.03; H: 
5.18; N: 6.00 . Found: C: 54,17; H: 4.99 ; N: 5.81. 
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7J: 6-CHon>-l-isobutyl-2-{S-[2Xni^oxycaibonyloxymethyl)-prop^^ 
furanyl}benziiiiidazole. mp = 138 - 140 **C; Anal. Cald. for C21H24C1N207P: C: 52.24; H: 
5.01; N: 5.80, Found: C: 52.13; H:5.07; N:5.51. 
7.4: 4-Amino-5-fluoro-7-ethyl-l-isobutyl-2- {5-[2*-<acetoxym 
5 2-fiiranyl}benzimidazole. ; AnaL Cald. for C23H29FN3O6P40.3H2O: C: 55.38; H: 5.98; N: 
8.42. Found: C: 55.60; H: 6.31; N: 8.02. 

7.5: 6-Aniino-9-neopentyl-8-{5-[24acetoxymethyl)-pn)pan-r,3' -yl]phoq)hono-2- 
fiinmyUpurine. mp = 164 - 165 X; Anal. Cald. for C20H26N5O6P: C: 51.84; H: 5.65; N: 
15.1 1 . Found: C: 52.12; H: 5.77 ; N: 14.59. 

10 7.6: 4-Amino-5-fluoro-7-ethyl-l-isobutyl-2-{5-[2'-<cyclohexanec^^ 

1\3 -yl]phosphono-2-furanyl}benzimidazole. nq) = 62 - 63 ^C; Anal. Cald. for 
C28H37FN306P:C: 59.89; H:6.64; N:7.48. Found: C: 59.97; H:6.60; N:7.33. 
7.7: 4-Amino-5-fluoio-7-cthyH -isobutyl-2- {5-[2'-^ydroxymethyl)-propan-r3'-yl]phosphono- 
2-ftpranyl}benzimida20le. Anal, Cald, for C21H27N305P-K).6 EtOAc: C: 55.73; H:6.36; N: 

15 8.33. Found: C: 55,81; H: 6.08 ; N: 8.02. 

7-8: 4,5,6J-Tetramethyl-l-isobutyl-[2-(5-[2-methoxycaibonyloxymethyl)-pro^ 
yl]phosphono)funuiyl]baizunidazole» minor isomer. RM).53 in 5% MeOH-CH2C12. AnaL Cald. 
for C25H33N207P-K).25H20: C: 58.99; H: 6.63; N: 5.50. Found: C: 59.21; H: 6.73; N: 5.48. 
7.9: 4.5,6J-Tetnmetbyl-l-isobutyl-[2<5-[2-(methoxycaibon^^^ 

20 yl]phosphono)furanyl]benzmiidazole, imgor isomer. RjN).54 in 5% M eOH-QI2C12. Anal. Cald. 
for C25H33N207P+H20: C: 57.47; H: 6.75; N: 5.36, Found: C: 57.72; H: 6.86; N: 5,22. 
7.10: 5-Chlon)-4-methyl-l-isobutyl-[2-(5-[2-(methoxycaibonyloxymethyl)-pro^ 
yl]phosphono)furanyl]benziniidazole, minor isomer. Rf=0.59 in 100% EtOAc. Anal. Cald. for 
C22H26ClN2O7P+0,75H2O: C: 51.77; H: 5.43; N: 5.49. Found: C: 51.80; H: 5.35; N: 5.39. 

25 7.11: 5-Chloio-4-methyl-l-isobutyl-[2-(5-[2-(methoxycart)onyloxymeth^^^ 

yl]phosphoho)furanyl]benzimidazole, major isomer. R^.54 in 100% EtOAc. Anal. Cald. for 
C22H26aN207P+H20: C: 51.32; H: 5.48; N: 5.44. Found: C: 51.36; H: 5.25; N: 5.25. 

Ex^ple 8: 

30 8.1: S-Bromo-l-(B-D-ribofuranosyl)-imidazol6-4<aiboxaniide 

8.2: 5-Br9mo-l-(23»5-tri-0-acetyl-p-D-ribo-furanosyl)iniidazole-4-c^^ 
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A stirred mixture of AICA riboside (200 g, 0.774 mol) in pyridine (1200 mL) was cooled 
in an ice badi. Acetic anhydride (310 mL, 2.80 mol) was slowly added over 25 minutes. The ice 
bath was removed and the solution stined at room temperature for 2 1/2 h. TLC (silica gel, 9/1 
metfayl^e chloride/ methanol) indicated the reaction was complete. The solvent was evaporated 
to give a pale orange oil Diethyl ether (600 mL) was added to the oil and the mixture vigorously 
stirred. The iqyper ether phase was decanted. The fhidcened tar was triturated/ decanted three 
times with 300 mL of ether. The resulting orange tar was dissolved m warm etfaanol (600 mL). 
The solution was stirred overnight at room temperature and the resulting solid filtered, washed 
with cold ethanol (75 mL) and vacuum dried to yield AICA riboside triacetate, 203 g (68 %) 
[melting point ==126.5-128.5 "C; TLC (silica gel, 9/1 methylene chloride/ metiianol): xf^ 0.4]. 
The diethyl ether washings (fipm above) were combined and stored at room temperature 
overnight upon which a white crystalline solid formed. The solid was filtered , iK^ed with cold 
ethanol (50 mL) and vacuum dried to give an additional 26.S g (8.9 %). 

AICA riboside triacetate (50.0 g, 130 mmol), CuBr2 (14.5 g, 64.9 mmol), LiBr (45 g, 
0.52 mol) and acetonitrile (500 mL) were combined under an atmosphoe of argon and cooled to 
15 ^C. Isobutylnitrite (19.3 mL, 162 mmol) was added dropwise over 10 minutes. The cooling 
bath was removed and the solution stirred for 20 h. The solvent was evaporated and the residue 
partitioned between methylene chloride 

(600 mL) and 10 % NaHS03 solution (150 mL). The organic phase was separated, evaporated 
to 200 mL and diluted with ethyl acetate (250 mL). The solution was extracted twice with 50 
mL portions of saturated NaHCOs. Silica gel (175 g) was added to the organic phase and the 
nuxture stirred for 15 minutes. The mixture was filtered through a pad of Celite and the pad 
washed with ethyl acetate (400 mL). The combined filtrate was evaporated to give 39.6 g of a 
tarwhich was dissolved in warm water (400 mL) and stirred at room temperature overnight A 
white precipitate formed and the mixture was refirigerated for several hours. The solid was 
filtered, washed with cold water (100 mL) and vacuum dried to yield 20.5 g of an off-white 
powder (35%) [mp = 133-135 °C, TLC (silica gel, EtOAc): rf= 0.75]. 

The expropriate chloro and iodo ajialog were made by using this method with the 
substitution of copper(II) chloride or copper(II) iodide for the copper(II) bromide. 

Example 9: 

9.1: 5-Bromo-l-(P-D-ribofiiranosyl)-iniida2ole-4-carboxamide-5*-monophosphate 
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To a cold (0 ^C) solution of S-biomo-l-(P-D-ribofuranosyl)-iinidazole-4-caib^ 
(0.03 g) (firom example 9) in 0.2 mL of triethyl phosphite was added phosphorous oxychloride 
(0.026 g). The mixture was allow to wann to room tenq^oratuie over 3 hours and diluted witfi 1 
M aqueous sodium hydroxide solution until the pH reached 8. The mixture was stirred for LS 
5 hours and passed through Dowex® ion exchange resin. The resin was washed first with water 
and then with 6 M formic acid solution eluting the product whose NMR spectra is consistent 
widi its structure and a satis&ctory elmental analysis. 

Example 10: 

10 10.1 : 5-TrifluoromethyH -(B-D-ribofiiianosyl)-imidazole-4-caiboxamide 

To a solution of 3.S g of AICA riboside in 65 mL of 50% aqueous tetrafluoroboric add 
was added a solution of 1.71 gof sodium nitrite in 2 mL of wat^. The mixture was irradiated 
with a medium pressure lamp in a quartz tube for 18 hours and cooled to O^C. ThepHwas 

1 5 adjusted to --5 with sodium hydroxide solution and the mixture extracted with ethyl acetate. The 
organic layer was dried over magnesium sui&te and the solvit removed under reduced pressure. 
The residue was chromatographed on siUca and eluted with methanol/methylene chloride (3% to 
10% MeOH) to give ethyl 5-fluoroimidazole-4-carboxylate, melting point 153-154 ''C. 

This compound was dissolved in methanol and the solution saturated with ammonia in a 

20 steel bomb. The bomb was heated at 1 00 ®C for 48 hours. The bomb was carefully opened and 
the solvent removed under reduced pressure, and tiie residue chromatographed on silica (1% to 
10% methanol in methylme chloride) to give S-fluoroimidazole-4-carboxainide, melting point 
253-254 **C. 

This compound (500 mg) was dissolved in hexamethyldisilizane (5 mL) and 
25 trimethylchlorosilane (0.9 mL) was added. The mixture was heated to 130 ""C for 2.5 hours, 

cooled and the solvent removed under reduced pressure. The residue was dissolved in 2.4 mL of 
methylene chloride and added to a solution of l-0-acetyl-23,5-tri-C)-bmzoyl-D-ribose (1,96 g) 
in methyene chloride. The mixturo was cooled to 0 and a solution of tin tetrachloride (0.6 
mL) in 3.4 mL of methylene chloride was added. The mixture was stirred overnight, diluted 
30 with ethyl acetate and extracted with saturated aqueous sodium bicarbonate and with water. The 
organic layer was dried over magnesium sulfate and the solvent removed. The reside was 
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chromatographed on silica.(methylene chloride to 5% methanol/methyloie chloride) to give 561 
milligrams of coupled product 

The compound was dissolved in methanol and the solution saturated with ammonia and 
stined for 18 hours. The solvent was rranoved under reduced pressure and the residue triturated 
with ether. The solid was chromatographed on silica (10% methanol/methylene chloride) to give 
ISO milligrams of final product 

Other S-substituted analogs were made by this method of coupling the appropriate 
substituted imidazole witii l-0-ac^l-2^>tri-0-benzoyl-D-ribose. For example, the 5-methyl 
compound (mp 179-180 ""Q and 5-tri£luoromethyl compound (mp 255 ""C [decomposition]) woe 
prepared in this mannra*. The substituted imidazoles were made by the general method of Paul, 
J. Med Chem. 1985, 28; 1198-1203. 

Example 11: 

Preparation of N9-neoDentvl-842-f S>phosDhono)furanvnadenine. 

Step A. A solution of 5-amino-4,6-dichloropyiimidine (1 mmol) in nBuOH was treated 
with Et3N (L2 mmol) and neopentylamine (1.05 mmol) at 80 ^C. After 12 h, the cooled reaction 
mixture was evaporated under vacuum and tfie residue was chromatographed to give 6-chloro-5- 
aniino-4-(neopentylainino)-pyriinidine as a yellow solid 

Step B. The 6-chloro-5-amino-4-(2-neopentylamiQo)pyrimidine (1 mmol) in DMSO was treated 
with 5-diethylphosphono-2-furaldehyde (1.5 mmol) and FeCl3-silica (2.0 mmol) at 80 for 12 
h. The cooled reaction mixture was filtered and the filtrate was evaporated under vacuum. 
Chiomatogr^hy afforded 6-chloro-N9-neopmtyl-8<2-(5-diethyl-phosphono)fiiranyl)purine as a 
yellow solid. 

Step C. 6-ailoro-N9-neoprotyl-8-(2-(5-diethylphosphono)fiManyl)^ (1 mmol) inTHF- 
DMSO was treated with liquid ammonia (2 mL) in a steel bomb. After 12 h, the reaction was 
evaporated under vacwmi and the residue was purified through chromatography to ^ve N^- 
neopentyI-8-(2-(5-diethylphosphono)furanyl)adenine as a yellow solid. 
StepD. A solution of N9-neopentyl-8-(2-(5-diethylphosphono)furanyl)-adenine (1 mmol) 
in acetonitrile was treated with bromotrimethylsilane (10 mmol). After 12 h, the reaction was 
evaporated under vacuirai and the residue was treated with a mixture of water and acetonitrile. 
The solid was collected through filtration. 



wo 99/45016 



119 



PCT/US99/04908 



11.1: N9-neopmtyl-8-(2-(5-phosphono)fi]ranyl)ademne. mp > 230 ^C; Anal, calcd. for 
C14H18N5O4P: C: 47.87; H: 5.16; N: 19.94. Found: C: 47.59; H: 4.92; N: 19.53. 

11.2: 2-{5-[9K2-Phenylethyl)-8-adeninyl]}furanylphosphonic acid, mp 242 - 244 ^C; Anal. 
5 calcd. for C17H16N504P + 1.37H20: C: 50.16; H: 4.64; N: 17.21. Found: C: 48.95; H: 4.59; N: 
16.80. 

Examples 12. 

Preparation of N^-cvclohex vlethvl-S-fphosphonomethoxvmethvn^^^ 

1 0 Step A, A mixture of N9-cyclohexylethyl-8-bromoadenme (1 mmol), tetrakis 

(triphenylphosphine)palladium (0.05 mmol)» and triethylamine (5 mmol) in DMF in a sealed 
tube was wanned at 1 10 under 50 psi of carbon monoxide. After 24 h the cooled reaction 
mixture was evsqporated and purified through chromatography to give N9-<;yclohcxylcthyl-8- 
methoxycaibonyladCTine as a yellow solid. 

1 5 Step B. A solution of N9.cyclohexylethyl-8-methoxycaibonyladenine (1 mmol) in 

tetrahydrofuran was treated with lithium aluminimi hydride (1 mmol) at 0 for 1 h. Extraction 
and chromatography give N^-cyclohexylethyl-8-hydroxymethyladenine as a white solid 
Step C. A solution of N9-cyclohexylethyl-8-hydroxymethyladenine (1 mmol) in methylene 
chloride was treated with PBr3 (1 mmol) at 25 ^'C for 1 h. Extraction and chromatography give 

20 N9-cyclohexylethyl-8-bromomethyl-adenine as a white solid. 

Step D. A solution of N9-cyclohexylethyl-8-bromomethyladenine (1 mmol) in DMF was 
treated with a solution of diethyl hydroxymethylphosphonate sodium salt (1 nunol) in DMF at 25 

for 1 h. Extraction and chromatography gave N^-cyclohexylethyl-S- 
diethylphosphonomethoxy-methyladenine as a white solid. 

25 Step E. N9>cvclohexvlethvl-8-diethylphosphonomethoxymethyladenine was subjected to Step F 
in Example 1. 

12.1: N9-cyclohexylethyl-8-(phosphonomethoxymethyl)adenine as a white solid, mp > 250 ^C; 
Anal, calcd. for C15H24N5O4P + IH2O: C: 46,51; H: 6.76; N: 18.08. Found: C: 46.47; H: 6.71; 
30 N: 17.91. 
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Preparation of 2>methvlthio-6-ammo-l^ -isobutvl-8-f 2-f 5-phosphono^f^ 

Step A: 2-Methylthio-4,S,6*triaininopyriimdme and S-dietfiyIpbosphoiio-2-fuial(lehyde 

5 was subjected to the procedures of Step B in Example 1 to give 6-anuno-2-methylthio-8-(2-(5- 
diethylphosphono)furanyl)piiiine as a yellow solid. TLC: Rf = 0.27, 80 % EtOAc - hexane. 
Step B:A solution of 6-ainino-2-methylthio-8-(2<5-<ii^ylphosphono)-fiu:anyl^ (1 mmol) 
in DMF was treated with cesium carbonate (2 mmol) and isobutyl bromide (1.5 mmol) at 80 
for 12 h. The cooled reaction mixture was subjected to extraction and chromatogr^hy to give 6- 

1 0 amino-N9-isobutyl-2-methylthio-8<2-(5-diethylphosphono)fiu:any^^ as a yellow solid. 
TLC: Rf - 0.27, 80 % EtOAc • hexane. 
SteE£:6-Aniino-N94sobutyl-2-methylthio-8-{2K5-dieft^ 
subjected to Step F. 

1 5 13.1 : 6-aniino-N94sobutyl-2-methylthio-8<2-(5-phosphono)-finanyl)pm as a white solid, mp 
220 ^C; Anal, calcd. for C14H18N5O4PS + 0.25 HBr + 0.25 EtOAc: C: 42.33; H: 4.8; N: 16.45. 
Found: C: 42.42; H: 4.53; N: 16.39. 

Example 14. 

20 Preparation of 2-Furaldehvde-5-dietfavlphosDhonate 

To a solution of 168 g(1.75 mol) 2-furaldehyde in 500 mL toluene was added 215 
mL(1.75 mol) of N,N'-dimethylethylene diamine. The solution was refluxed using a Dean Stark 
trap to remove H2O. After 2 hours of reflux, the solvent was removed under reduced pressure. 
The resulting dark mixture was vacuum distilled (3 mm Hg) and the fraction at 59-61 was 
25 collected yielding 247.8 g(85%) of clear, colorless oil. 

A solution of 33.25 g (0.2 mol) furan-2-(N,N*-dimethylmiida2olidine) and 30.2 mL (0.2 
mol) tetramethylenediamine in 1 25 mL THF was cooled in a dry ice/IPA bath. A solution of 1 12 
mL n-BuLi in hexane(0.28 mol,2.5M) was added dropwise, maintaining temperature between - 
50 and -40 ''C during addition. The reaction was allowed to warm to 0 ^'C over 30 minutes and 
30 was maintained at 0**C for 45 minutes. The lotion was then cooled in a dry ice/IPA bat^ . 
°C. This cooled solution was transferred to a solution of 34.7 mL (0.24 mol) 
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diethylchloiopho^hate in 125 mL THF and cooled in a dry ice/IPA bath pver 45 minutes 
maintaining the icaction temperature between -50 and -38 ^C. The reaction was sdired at rt 
overnight The reaction mixture was evaporated under reduced pressure. Ethyl acetate and H2O 
were added to the residue and the layers separated. The H2O layer was washed with ethyl 

5 acetate. The ethyl acetate layers were combined, dried over magnesium sulfate and evaporated 
under reduced pressure yielding 59.6 g (98%) of brown oil. 

To a solution of 59.6 g 5-diethylphosphonofuran-2-(N^'-dimethylimidazolidine) in 30 
mL H2O was added 1 1 .5 mL of cone. H2SO4 dropwise until pH - 1 was obtained. The aqueous 
reaction mixture was extracted with ethyl acetate. The ethyl acetate layer was washed with 

1 0 saturated sodium bicarbonate, dried over magnesium sulfate and evaporated to a brown oil. The 
brown oil was added to a silica column and was eluted with hexane/ethyl acetate. Product 
fractions were pooled and evaporated under reduced pressure yielding a dark yellow oil, 28.2 
g(62%). 

1 5 The following general procedures are used in the synthesis of the benzimidazole parent drugs: 
pxample l^: 

General methods for the preparation of substituted L2-phenvlenediamines 
Method A; 
20 Step A. 

Bromination of nitroanilines. 

To a solution of 1 .0 mmoi of sustituted nitroaniline in 10 mL of CHCI3 or a mixture of 
CHCI3 and MeOH(7:l) was added a solution of bromine in 5 mL of CHCI3 over a period of 30 
min. Afi^ stirring for 2 days at rt, extractive isolation provided the bromination product. 
25 StepB. 

I^eciuc^on of nitroanilines 

To a solution of 1 .0 mmol of substituted nitroaniline in 15 mL of MeOH was added 
15mL of saturated solution of sodiiun dithionite. Filtration followed by removal of solvent and 
extraction with EtOAc provided the pure diamine. 
30 StepC, 

Pre paration of 2>L3-beDZOselenadia2ole. 
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To a solution of 1 .0 mmol of substituted diamine in 3 mL of 50% aq. edianol was added a 
solution of I.O nunol of Se02 in 1.5 ml of H2O. The mixture quickly thidceaed to a sluny. The 
solid separated out^ was filtered, wa^ed widi wata, and dried. 
StepD. 

Nitration of ben7^<«"«'<i»^'«^ 

O 

To a cold(0 C) suspension of 1 .0 mmol of substituted 2,1,3-benzoselenadiazole was 
added dropwise a solution of 2.0 nmiol of HNO3 in 1 mL of H2SO4, The resultant suspension 
was stirred for 2 h at IS^C. The daik solution was poured onto ice» filtered, washed with water, 
and dried. 

In the case of 5-fluoro-7-bromo-2,l,3-benzoseienadiazole there were two products in 2:1 
ratio, major being the required compound, 4-nitro-5-fluoro-7-bromo-2,l,3-baizoselenadiazole, 
This was extracted with hot toluene j&om the byproduct, 4-nitro-5-hydroxy-7-bromo-2,l,3- 
benzoselenadiazole. 
StepR 

Substituted 3-nitrO'1.2>phenvlenediamine preparation 

A mixture of 1.0 mmol of substituted 4-nitro-2,l,3-benzoselenadia2ole in 3 mL of 57% 
HI was stirred at rt for 2 h. Saturated NaHS03 was added and the mixture was neutralized with 
concentrated NH3 solution. The product was extracted with CHCl3(SxlO mL) and the extracts 
were washed, dried, and evaporated. 

Methods: 

From 2>nitrohalobenzenes: 

To a solution of 20 mmol of substituted 2-halonitrobenzene in 70 mL of DMF was added 
35 mmol of alkyl or arylamine at 0 ^'C. After 0.5 h TLC (ethyl acetate/hexane 2:1) indicated the 
completion of reaction. The reaction mixture was evaporated under reduced pressure. The 
residue was dissolved in ethyl acetate and washed with water. The organic layer was dried, and 
evaporated to yield the displacement products. 
Method C: 

f^om2-^itrDanilines: 

To a solution of 10 mmol of substituted 2-nitroaniline, 20 mmol of alkyl or arylaldehyde, 
and 60 mmol of acetic acid in 30 mL of 1,2-dichloroethane was added 30 mmol sodium 
triacetoxy borohydride at O^C. The reaction was stirred overnight under nitrogen atmosphm and 
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was qu^u:hed with saturated bicaifoonate solution. The product was extracted with EtOAc (3x75 
mL) and the extract was washed, dried and evaporated The residue was chromatographed on a 
silica gel colunm eluting with hexan&^yl acetate (3:1) to yield the product. 

These nitroanilines can be reduced to 1^-phenylmediamines by the procedure given in 
the Example 2, Method A, Step 2. 
Example 16. 

General procedures for alleviation 
Method A; 

A suspension of 1.5 mmol cesium carbonate, 1.0 nunol of substituted benzimidazole-2- 
(5-diethylphosphohate)furan and 1.0 mmol of electrophile in 5 mL of dry DMF was heated at 
80^C for 1-16 h. Extraction and chromatography provided the alkylation product 
Example 17: 

General procedures for Pd coupling: 
Method A: 

A mixture of 1 .0 mmol of bromo substituted 2-[(5- 
diefhylphosphonate)furanyl]benzinudazole compound, 2.0 mmol of vinyltributyltin or 
allyltributyltin» and 0.1 mmol of Pd(PPh3)2Cl2 or Pd(PPh3)4 in 4 mL of DMF was stirred and 
heated at 90^C for 1-16 h. Extraction and chromatography provided the coupled compound. 

Method B: 

A mixture of 1.0 mmol of bromo substituted 2-[(5- 
di^ylphosphonate)furanyl]benzimidazole, 2.0 mmol of propargyl alcohol or any temiinal 
acetylenic compound, 0.1 mmol of Pd(PPh3)2Cl2 , and 0.1 mmol of Cul in 1 mL of Et3N and 10 
mL of CH3CN was stirred and heated at SO-SO^^C for 1-16 h. Extraction and chromatography 
provided the coupled compound. 
Method C: 

A mixture of 1 .0 mmol of bromo substituted 2-[(5- 
diethylphosphonate)furanyl]benziniidazole, 5.0 mmol of substituted phenylboronic acid, 0.1 
mmol of Pd(PPh3)4, 5 mL of sat. Na2C03 and 2 mL of EtOH in 10 mL of diglyme was stirred 
and heated at 80-90''C for 1-16 h. Extraction and chromatography provided the coupled 
compound. 

The compounds thus obtained can be modified as needed. For example vinyl or propargyl 
alcohol derivatives can be hydrogenated (see Example 7, Method A) to give the ethyl or propyl 
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alcohol derivatives respectively. These alcohol can be further modified as required via aUcyl 
haUdes (see Example 6) or alkyl sulfonates etc. to number of substituted aUcyl compounds by 
subjecting them to nucleophilic substitution reactions (March, Advanced Organic Chemistry , 
Wiley-Ihterscience, Fourth Edition, 1992, 293-500). See Example 5 for the cyclopropanation of 
the vinyl d^vative. 

Ex^pl?^8. 

Cvclopropyna tion of the 4-nitro-7-vinvl-S>fluoix)-l-isobutvl-2-f2-dietfavlphoa^^^ 
fiiranyl)henzimidazo)e. 

To a suspension of 1.0 mmol of 4-nitro-7-vmyl-5-fluon>-l-isobutyl-2-(2- 
diethylphosphono-S-furanyl)benzimidazole and 0.1 mmol of Pd(0Ac)2 in 8 mL.of ether was 
added an ether solution of diazomethane(generated fiom 3.0 g of l-methyl-3-nitio-l- 

nitrosoguanidine) at 0 ^C. After stirring at rt 20 h. solvent was removed and the residue was 
subjected to chromatography to give 4-nitro-7-cyclopropyl-5-fluoro-l-isobutyl-2-(2- 
diethylphosphono-5-furanyl)benzimidazole. 

E^cample 19- 

Haloeenarion of the 4-amino-744>hvdroxvbutvlVS -fluoro-l-isQbutvl-2-f2-diethvlphQsphono-S- 
finmvl^benzimidazole. 

To a cold(0 ^C) solution of 1.0 mmol of 4-amino-7-(4-hydn)xybutyl)-5-fluoro-l- 
isobutyl-2-(2-diethylphosphono-5-furanyl)benzimidazole m 20 mL of CH2CI2 -was added 3.0 
mmol of PPh3 and 3.0 mmol of CBr4. After 40 min. at rt solvent was removed and the residue 
was subjected to chromatography to give 4-amino-7-(4-bK)mobutyl)-5-fluoro-l-isobutyl-2-(2- 
diethylphosphono-S-fiiranyl)benzimidazole. CCI4 gave the cono^nding chloro compound. 

Exampl<p20; 

general pipope4vres for reduction; 
Method A: 

A mixture of 1.0 mmol of alkylation product and 20 mg of 10 % Pd/C m S mL of DMF 
or MeOH was hydrogenated using H2 in balloon for O.S-16 h. The reaction mixture was filtered 
dm)ug^ celite and chromatographed to provide the reduction product as an oil. 
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MettiodB: 

To a solution of 1 .0 nunol of substituted nitroamline in 15 mL of MeOH was added 
ISmL of saturated solution of sodium ditfaionite. Filtration followed by removal of solvent and 
extnu^oii with EtOAc or CHCI3 provided the pure dianune^ 
5 These primary aromatic amines can also be modified as needed. For example N-acetyl 

derivetives can be prqiared by treatment with acetyl chloride or acetic anhydride in presence of a 
base such as pyridine and mono-, or di*al]^lamines can be synthesized by direct alkylation or by 
reductive alkylation. 

General procedures for phosnhonate hydrolysis: 
10 Example 21: 

TMSBr hydrolysis: 

To a solution of 1 .0 mmol of substituted 2-[(5-diethylphosphonate)fiiranyl]benzimidazole 

o 

in 5 mL of anhydrous CH2CI2 was added 10,0 mmol TMSBr at 0 C. After 16 h stirring at rt the 
solvent and excess TMSBr were removed under reduced pressure. The residue was taken into 15 
15 mL of a 1/5 mixture of acetone/water and was stirred for 16 h at rt The resulting soUd was 
filtered, washed with water, EtOAc, and MeOH and was dried under vacuum at 50X. 
The following compounds were prepared in this manner 

21.1: 4-Amino-l-(3-carbomethoxyben2yl)-2-[2-(5-phosphono)fiiranyl] benzimidazole. mp = 
20 198-202 X ; Anal. Cald for C20H18N3O6P: C: 55.55; H: 4.39; N: 9.63. Found: C: 55.12; H: 
4.29; N: 9.18. 

21,2: 4-Amino-l-(3-chloropropyl)-2-[2-(5-phosphono)furanyl] benzimidazole. mp »250 ^'C ; 
Anal. Cald. for C14H15N364CIP + 0.7H2O: C: 44.83; H: 4.61; N: 10.37. Found: C:44.50; 
H:4,29;N:10.96, 

25 213: 4-Amimo-l-(3-fiiranylmethyl)-2-[2-(5-phosphono)fijranyl] benzimidazole. mp »230 X ; 
Mass. Cald. 358; Obs. 358. 

o 

21A: 4-Anuno-S-ethyl-l-isobutyl-2-(2-phbsphono-S-iuianyl) benzimidazole. mp = 220-225 C; 
Anal. Cald. for C: 51.34; H: 5.95; N: 10.21. 

21^: 4-Ainino-5-fluoio-7-chloro-l-isobutyl-2-(2-phosphono-5-fiiranyl)baiziinidazole. mp = 

30 220-225 °C; Anal. Cald. for C15H16N3O4FCIP + 0.9HBr, C: 12; H: 3.70; N: 9.12. Found: C: 
39.15; H: 3.46; N: 8.77 
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21.6: 4-Ainino-l-[(2-^tfayl)pea^I]ben73fnida7ol-2-yl-metfaylenoxymethyl phosphonic acid, mp = 

85 °C; Anai. Cald. for C15H24N3O4P + 1/2 H2O + 2 HBr+ 1/3 toluene: C: 38.05; H: 5.49; N: 
7.78. Found: C: 38.30; H: 5.45; N: 7.34. 

21.7: 4-Anuno-5-fluoro-l-cyclopropylmethyI-2-^2-phosphono-5-furanyl)ben7:irnida7X)le. mp = 

5 258- 260 "C; Anal. Cald. for C15H15N3O4PF+O.3H2O: C: 50.51; H: 4.41; N: 1 1.78.Found: C: 
50.21; H: 4.28; N: 11.45. 

21.8: 4-Anuno-7-e%l-5-fluoio-l-isobutyl-2-(2-phoiq)hono-5-fiimyl)beiudm mp ~ 245- 

246 "C; Anal. Cald. for C17H21N3O4FP+O.4H2O: C: 52.55; H: 5.66; N: 10.81. Found: C: 
52.40; H: 5.79; N: 10.47. 
10 21.9: 4-Anuno-7-(propane-3-ol)-5-fluon>-l-isobutyl-2-(2-phospbono-5-furanyl)benzinudaz^ 
mp = 170-173 *C; Anal. Cald. for Ci8H23N3O5FP4-1.0H2O: C: 50.35; H: 5.87; N: 9.79. 
Found: C: 50.31; H: 5.80; N: 9.62. 

21.10: 4-Amino-5-fluoio-7-(3-bromopiopyl)- 1 -isobutyl-2-{2-phosphono-5- 
furanyObenzimidazoie. mp = 190-195 °C(dec.); Anal. Cald. forCi8H22N304FBrP: C: 45.59; 

15 H: 4.68; N: 8.86. Found: C: 45.87; H: 4.87; N: 8.70. 

21.11: 4-Amino-5-fluoio-7^4-bromobutyl)-l-isobutyl-2-(2-phosphono-5-fiuanyl)benzimidazole. 
mp = 200-220 ">C(dec.); Anal. Cald. for Ci9H24N3O4FBrP+0.5H2O: C: 45.89; H: 5.07; N: 
8.45. Found: C: 45.61; H: 5.10; N: 8.20. 

21 .1 2 : 4-Amino-5-fluoro-7-(3-N,N-dimethylpropylamine)- 1 -isobutyl-2-(2-phosphono-5- 
20 furanyl)benzimidazole hydiobromide salt, mp = 208-212 °C(dec.); Anal. Cald. for 

C20H28N4O4FP+I.O HBi+2.0 H2O: C: 43.25; H: 5.99; N: 10.09. Found: C: 43.39; H: 5.74; N: 

9.90. 

Example 22: 
25 HBr hydrolysis: 

A solution of 1.0 mmol of substituted 2-[(5-diethylphosphonate)furanyl]benzimidazole in 

10 ml of 30 % HBr was heated at 80"'C for 0.5-3 h. The solyent was remoyed under reduced 

pressure and the residue was taken into 3 ml of water. The solid precipitated was filtered washed 

with water and dried undor vaccum at 50°C. 
30 The following compounds were prqiared in this manner: 
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22.1: 2<I.8-Diaza-l,2,3AtetrahydroacenaphthCT-9-yl)fuian-5-pho^hoiiic add Anal. Cald. for 
C14H13N2PO4 + 0.5 HBr + 0.5H2O: C: 47,54; H: 4.13; N: 7.48. Found: C: 47.33; H: 4.16; 

N: 7.48. 

o 

22.2: 4-Hydroxy-l-isobutyl-2-(2-phosphono-5-furanyl) benzimidazole. mp = 244-245 C; Anal. 
5 Cald. for C15H17N2O5P + I.IH2O: C: 50.59; H: 5.43; N: 7.87. Found: C: 50.33; H: 5.38; N: 
7.89. 

223: 4-Fluoro- 1 -neopentyl-2-(2-phosphonofuianyl)ben7nTnida7ole. Anal. Cald. for 
C16H18N2PO4F + 0.1 H2O + O.3CH3CO2H: C: 53.58; H: 5.25; N: 7.53. Found: C: 53.84; H: 
5. 12; N: 7.05. 

10 22.4; 5-Phoq)honomethylaioxy-1^3,4-tetrahydropyrido[l^-a] benzimidazole. nq> = 218-222 

"C; Anal. Cald. for C12H15N2PO4 + H2O + 0.9HBn C: 38.63; H: 4.84; N: 741. Found: C: 
38.96; H: 4.46; N: 7.41. 

O 

22^: 6-Chloro-l-isobutyl-2-(2-phosphono-5-furanyl) benzimidazole. mp = 195-200 C; AnaL 
Cald. for C15H16C1N204P + 0.5HBn C: 45,59; H: 4.21; N: 7.09; CI: 8.97;; C: 46.02; H: 
15 3.86; N:7.01; CI: 8.63. 

22.6: 5-Cliloro-l-isobutyl-4-methyl-2-(2-phosphono-5-furanyl) benzimidazole". mp = 193 • 
196X Anal. Cald. for C16 H18 CI N2 04 P + 1.67 H20: C: 48.19; H: 5.39; N: 7.02; Found: C: 
48.24; H: 5.19; N: 6.85. 

22.7: N-(Phosphonomethyl)benzimidazole-2-carboxamide. mp = 258-260°C. Anal. Cald. for 
20 C9H10N3O4P + 0.15 AcOH; C: 42.28; H: 4.04; N: 15.91; Found. C: 42,60; H: 4.02; N: 15.70. 

Example 23. 

Preparation of l-isobutvM-amino-5-fluoro-7-bn)mO"2-f3-phosphofmethoxvmeihvn'| 
benzimidazole. 
25 Step A. 

Synthesis of diethvtehospho methyl acetaldehvde dimethyl acetal ether: 

To a solution of 1.0 mmol diethyl (hydroxymethyl)phosphonate, 1.5 mmol of sodium 

o 

hydride in 2 mL DMF at 0 C was added a solution of 1 .2 mmol of bromoacetaldehyde dimethyl 
acetal. After 3 h. at r. t. the mixture was diluted with 5 mL of water and extracted with etheT(4 x 
30 IS mL). The combined ether lay^ were concentrated. The residue was cfaromatogr^hed on a 
silica gel colrnnn eluting with hexane-ethyl acetate (8:1) to yield the product 
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SteoB. 

Preparation of l-isobu tvl-4-nitro-S-fluoio-7-bromo-2>r3-dictfavto^^ 

To a solution of 1 .0 nimol of 2-nitco-3-fluoro-S-biomo-6-isobutylaniine aniline and 2.0 

o 

5 mmol of diethylphospho Diethyl acetaldehyde dimethyl acetal etherinS mLTHFatO C was 

o 

added O.S mL of 10 % H2S04 and the mixture was heated at 75 C for 40 min. Solvent was 
removed under reduced pressure, diluted with water and extracted with EtOAc. The combined 
EtOAc layers were concentrated. The residue was chromatographed on a silica gel column yield 
the product 
10 SteoC. 

A solution of 1 .0 nomol of this coupled product and 1 .0 mmol of I2 in S mL of ethanol 
was stirred at rt for 1-16 h. Extraction and chromatography provided the title compound as an 
orange solid. 
Step D. 

15 Preparation of l-isobutvl-4-amino-S-fluon>-7-bromo-2-[3-diethvlphosphofmethoxvmethvni 
benzimidamle: 

Followed the procedure givm in the Example 20» Method B. 

StepE, 

Followed the procedure given in example 21 . ^ 
20 23.1 : 4-Amino-5-fluoro-7-bromo-145obutyl-2-(l-medioxymetfaylO-phoq)hono)benzi 
mp = 200-202 **C(dec.); Anal. Cald. for Cl3Hi8N304FBrP: C: 38.07; H: 4.42; N: 10.24. 
Found: C: 37.87; H: 4.36; N: 10.15. 

Example 24. 

25 Preparation of diethvl 2-fS-f4-methvlvalq-vmfiiranphosphonate, 



Step A. A solution of 2-tributylstannylfuran (1 mmol), 4-'methylvaleroyl chloride (1 .1 
mmol), and PdCl2(PPh3)2 (0.05 mmol) m THF was stirred at 25 for 24 h. Extraction and 
chromatography gave 2-(4-methylvaleryl)furan. 
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StepB. A solution of 2-(4-methylvaleryl)furan (1 mmol) and NJ^-dimethylhydrazine (1.5 nimol) 
in EtOH was heated at reflux for 24 h. Evaporation and distilation give 2-{4-methylvaleryl)furan 
dimethylhydrazone as a brown oil. 

Step C A solution of 2-(4-methylvaleryl)furan dimethylhydrazone (1 mmol) in THF was cooled 
5 to -78 and treated with LDA (1.2 mmol) dropwisely. After Ih diethyl chlorophosphate (1.2 

mmol) was added, and the resulting misture was stiiied at -78 ®C for Ih. The reaction was 

quenched with brine, and subjected to extraction and chromatography to give diethyl 2-(5-(4- 

methylvaleryl))furanphosphonate dimethylhydrazone. 

Step D. A solution of diethyl 2-(5-(4-methylvaleryl))furanphosphonate 
10 dimethylhydrazone (1 mmol) m THF-pH =7 phosphate buffer (1:1) was treated witii CuCl2 (1.5 

mmol) at 25 for 24h. Extraction and chromatography gave diethyl 2-(5-(4- 
methylval^l))furaiq>hosphonate as a brown oil. 

Example 25. 

15 Preparation of 5-chloro>3-isobutvl»2~f 2«f S-phosoho no^fiiranvnindole. 

Step A. A mixture of 4-chlorophenylhydrazine hydrochloride (1 .5 mmol), diethyl 2-(5-(4- 
methylvaleryl))furanphosphonate (1 mmol), and two drops of concentrated sulfuric acid in 
glacial acetic acid was heated at reflux for 4 h. The cooled reaction mixture was evaporated to 
dryness, and the residue was subjected to extraction and chromatography to give 5-chloro-3- 

20 isobutyl-2-'(2-(5-diethylphosphono)furanyl)indole as a yellow sticky solid. TLC: Rf = 0.30, 50 % 
EtOAc-hexane. 

Step B. A solution of 5-chloro-3-isobutyl-2-(2-(5-diethylphosphono)-furanyl)indole (1 mmol) in 
acetonitrile was treated with bromotrimethylsilane (10 mmol). After 12 h, the reaction was 
evaporated under vacuum and the residue was treated with a mixture of water and acetonitrile. 
25 The dark green solid was collected through filtration. 

25J: 5-chloro-3-isobutyl-2-(2-(5-phosphono)furanyl)indole.mp 135 - 139 ^C; Anal. cald. for 
C16H17NO4PCI + O.75H2O: C: 52.33; H:5,08; N:3.83. Found: C: 51.96; H: 4.93; N:3.81. 



30 



Example 2$. 

Preparation of Q -flza-3-isobutvl-7-methvl-2-(2-(5-phosphono)fura^ 
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Step A. A mixture of diethyl 2-(S<4-methylval^l))fiiraDphosphonate (1 mmol) and 
CuBi2 (4 mmol) in EtOAc-CHCls was stirred at 25 ^ C for 24 h. The reaction was quenched 
with saturated ammonium chloride. Extraction and chromatogr^hy gave 2-(S-(2-bn>mo-4- 
methylvaleryI))furanphosphonate as a yellow oil. 
5 Step B> A solution of 2-amino-6-methylpyridine (1 mmol) and 2-(5-(2-bromo-4- 

methylvaleryl))furanphosphonate (1,2 mmol) in n-butanol was heated at reflux for 16 h. The 
cooled reaction mixture was evaporated to dryness, and the residue was subjected to extraction 
and chromatogn^hy to give 9-a2a-3-isobutyl-7-methyl-2-(2-(5-diethylphosphono)furanyl)^ 
as a brown solid. 

1 0 Step C. 9>AzaO-isobutvl-7-methyl-2-(2-(S'diethyiphosphono)furanyl)-indole was subjected to 
procedure given in Example 2 L 

26.1: 9-aza-34sobutyl-7-methyl-2-(2-(5-phosphono)furanyl)indole. mp 225 - 227 ^C. Anal, 
cald for C16H19N2O4P + IHBr: C: 46.28; H: 4.85; N:6.75. Found: C: 46.23; H: 4.89; N:6.57. 

15 

Example 27: 

Preparation of 2'-a2idomethvlene and 2'-aminomethvlene substituted cyclic r.3''propvl esters: 
Step A. 6-ailoro-l-isobutyl-2-{5-[2'-(hydroxymethyl)-propan-r3-ylte^ 
furanyl}benzimidazole was prepared as described in Example 7. 

20 

Step B, To a solution of 6-Chloro- 1 -isobutyl-2- {5-[2'-(hydroxymethyl)-propan-r ,3'- 
yl]phosphono-2-furanyl}ben2imidazole (300 mg, 0.70 mmol) in dichloromethane (5 mL) was 
added pyridine (0.12 mL, 1,4 mmol) and methanesulphonyl chloride (0.066 mL, 0.84 mmol). 
The reaction was stirred overnight and concentrated under vacuum. Chromatography by elution 
25 with 5% methanol-dichloromethane resulted in 340 mg (95%)of pure mesylated product. 

Step C. To a solution of mesylate (100 mg, 0. 19 mmol) in DMF (2 mL) was added sodium azide 
(65 mg, 1 mmol). The mixture was heated to 55® C for 5h. The reaction was concentrated and 
diluted with ethyl acetate (50 mL) washed with water and dried. Chromatography by elution with 
30 5% methanol-dichloromethane gave in 35 mg (39%)of pure product 
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27.1: 6<ailoro-l4sobutyl-2-{5-[2Xazidomethyl)-propan-r3'-yl]^^ 

fiiranyllbenzimidazole. mp 167 • 168 ©C. Anal, cald forCl9H2lCIN504P: C: 50.73; H: 4.71; 
N: 15.57. Found: C: 50.74; H: 4.72 ; N: 15,22, 

5 StepD : Azide (100 mg, 0.22 mmol) was dissolved in ethyl acetate (5 mL) and 10% Pd-C 
(50 mg) was added. The mixture was stirred under hydrogen for 16h. Catalyst was filtered off 
through a celite pad. The filterate was concentrated and chromatographed by eliiting with 15% 
niedianol-dichloromethane to give pure amine (45mg, 48%). 

1 0 27 J: 6-Chloro- 1 -isobutyl-2- {5-[2 -(aminomethyl)-propan- 

r,3-y]phosphono-2-furanyl}benzimidayole, mp 158 - 160 ^C. Anal. cald. for 
C19H23CIN3O4P+I.25H2O: C: 51.13; H: 5.76; N: 9.41. Found: C: 51.35; H: 5.48; N: 9.05. 

Example 28: 

15 Preparation of cyclic r.3'-propvl esters of 9-[(2"phosphonomethoxv1ethvl]adenine fPMEA): 
Step A: To a solution of cis,cis-13»5-cyclohexanetiiol (1.68 g, 10 mmol) in DMSO (10 
mL) was added 60% sodium hydride mineral oil dispersion (400 mg» 10 mmol). The reaction 
was stirred at room temperature for 1 2h. After wodc-up, the mixture was chromatographed by 
eluting with ethyl acetate-methylene chloride (1:1) to yield 800mg (36%) of monobenzylated 

20 product. 

Step B:T o a suspension of 9-[(2-phosphonomethoxy)ethyl]adenine (Collect. Czech. Chem. 
Commun,^ 1990» 55, 808) (1 g, 3.5 mmol) in dichloromethane (10 mL) was added 
trimethylsilyldiethyl amine (3 mL). The reaction was stirred at room temperature for 2 h and 

25 evaporated to dryness. The residue was dissolved in dichloromethane (10 mL). DMF (0.05 mL) 
followed by oxalyl chloride (0.9 mL) were added at 0°C . The reaction was stirred at 0*^C for Ih 
and an additional Ih at room temperature. The mixture was concentrated under reduced pressure 
and the residue was dissolved in pyridine (20 mL). Monobenzyl cyclohexyl triol was added and 
stirred for 16h at room temperature. The reaction mixture was concentrated and 

30 chromatographed by eluting with methanol-methylene chloride (1 :9) to give 500 mg (30%) of 
pure prodrug. 
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Step C:T o a solution of monobenzyl prodrug (SOOmg) in DMF (IQmL) was added 10%Pd(OH)2- 
C (lOQmg). The reaction was stirred under hydrogen gas for 16h. The catalyst was filtered off 
through celite and the reaction mixture was concentrated. Chromatogrqihy of the residue by 
ehiting with aqueous NH3-MeOH-dichloromethane (1 :20:80) resulted in 20Qmg (50%) of 
5 product. 

The following compound was prepared in this maimer: 

28,1: 9-[2-(l'-Hydioxy-3\5'-cyclohexylphosphonomethoxy)ettiyl] adenine, mp = 171 - 174 X; 
1 0 Mass Cald. for C14H20N5O5P: MH+ 370 : Found: MH+370 

The following compounds were prepared following the procedure of step C: 

28J: 9-[2-(2'-Hydroxymethyl-r,3 -propylphosphonomethoxy)ethyl] adenine, mp - 148 - 151 

15 ^C; Mass Cald for C12H18N505P: MH+ 344 : Found: MH+344 

28J: 9-[2-(r-phenyH',3 -propylphosphonomethoxy)ethyl] adenine. Mass Cald. for 

C17H20N5O4P: MIT^ 390 : Found: MH^90. 

28.4: 9-[2-(l-(4-Pyridyl)-l ,3-propyiphosphonomethoxy)ethyl]adenine. AnaL Cald. for 
C16H19N604P: C: 49.23; H: 4.91; N: 21.53. Found: C: 49.01; H: 5.01; N: 19.37. 

20 

Example 29: 

General procedure for formation of phosphate prodrugs from chlorophospholane: 
(Bioorg, Med. chem. Lett., 1997, 7, 1577) 

25 Step A: 

Variety of substituted 1,3-diols are commercially available. Diols which are not available are 
made by procedures described in examples 3 (step A), 4 (step A and B), 5 (step A, B and Q, 6 
{step A and B) and 7 (step A). 

30 

StepB: 
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Cyclic phospholanes are prepared by equimolar addition of IM phosphorus trichloride in 
dichloromethane to piopane-l,3-diols at 0** C. The resulting mixture was wanned and stirred at 
room temperature for 3h The reaction was concentrated under vacuum and dried to give crude 
chiorophospholane which is used for addition in next stq) without further purification. 

StepC: 

To a solution of ara-A or other nucleoside or other alcohol containing drug(l mmol) in DMF (S 
mL) was added triethylamine (2 mmol) at -40^ C. To this mixture was added crude cyclic 
chiorophospholane (1.5 mmole) in 2 mL of DMF. The mixture was warmed to room temperature 
and stirred for two hours. The reaction was cooled back to -40® C and t-butylhydroperoxide 
(2mmol) was added and left at room temperature overnight The reaction was concentrated and 
the crude mixture was chromatographed on a silica gel column to give pure cyclic prodrug 
product. 

The following compoimds were prepared in this manner 
29.1: Adenine-9-beta-I>a^abinofiu:anoside-5'-[2-acetoxymethy^l^3-propyl]monopho^ 
mp = 1 18 - 120 ®C; Anal. Cald. for C16H22N5O9P+L0H2O: C: 40.26; H: 5.07; N: 14.67, 
Found: C: 40.08; H: 4.84; N: 14.67. 

292 Adenine-9-beta-I>arabinofuranoside-5 -[r-phenyl-l\3'-pn>pyl]monophosphate. mp = 122 - 
125 X; Anal. Cald. for C19H22N507P+1.5H2(>K).15CH2C12: C: 45.71; H: 5.07; N: 13.92. 
Found: C: 45.43; H: 4.64 ; N: 13.92. 

Example 30: 

General procedure for formation of prodrugs bv chlorophosphoramidite method: 
Step A; 

Substituted diols are obtained as described in step A of example 29. 



StepB: . 
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Preparation of cyclic phosphoramidite firom substituted diols: 
(rg/.. 1903. ^P, 6123) 

To a solution of conuneicially available diisopiopyl phosphoramidous dichloride (Inunol) in 
THF (SmL) was added 1,3-diol (Immol) and triethylamine (4mmol) in THF (SmL) at •78'' C 
over 30 min. The reaction was slowly warmed to room temparature and left stirring overnight 
Reaction mixture was filt^ed to remove salts and filtrate was concentrated to give crude 
product Silicagel column chromatography provided pure cyclic diisopropyl phosphoramidite of 
U-dioL 

StepC: 

Addition of cyclic phosphoramidite and oxidation: 
Org. Chem., 1996, 61, 7996) 

To a solution of nucleoside (Immol) and cycUc phosphoramidite (Immol) in DMF (10 mL) was 
added benzimidazoUum triflate (Immol). The reaction was stirred for 30 min at room 
temparature. The mixture was cooled to -40® C before addition of t-butylhydro peroxide (2nunol) 
and left at room temperature overnight Concentration under reduced pressure and 
chromatography of crude product resulted in pure cyclic propyl prodrug. 

The following compounds were prepared in this manner: 

30,1 : Adenine-9-beta-D-arabinofiumoside-5 -[ 1 -(4-pyridyl)- 1 ,3-propyl]monophosphate. 
mp>220 ^C; Anal. Cald for C18H21N6O7P+lH2O+0.25PhCH3: C: 46.93; H: 4.99; N: 16.63. 
Found: C: 47.42 H: 4.27; N: 16.74. 

30.2: 5 -{[l-(4-pyridyl)-l,3-propyl]phosphoryl}- 2\ 3'-dideoxyinosine. mp=133 - 135 ^^C; Anal. 
Cald. for C18H20N5O6P+1H2O: C: 47.90; H: 4.91; N: 15.52. Found: C: 48.06; H: 4.64; N: 
15.49. 



wo 99/45016 



135 



PCT/U^9/04908 



30J: 5'-{[l<4-pyridyl)-13-propyl]phosphDiyl}ribavirin. xop='\62 - 164 "C; AnaL Cald. for 
C16H20N5O8P+1.5H2(>H).2CH2a2: C: 40.09; H: 4.86; N: 14.43. Found: C: 40.42; H: 4.63; N: 
14.63. 

30.4: S'- {[l-(4-pyridyl> 1 3-propyl]phosphoiyl}-2-fluoroadeniDe-9-b-D-arabinofi]]:aii^ 
5 mp>210 •€; AnaL Cald. for C18H20FN6O7P+1.5H2O+0.1iPtOH+0.2CH2C12: C: 41.74; H: 
4.58; N: 15.79. Found: C: 41.55; H: 4,15; N: 15.76. 

30.5:5'-{iH4i)yridyl>U-propyl]phosphoryl}-3'-{[H4-pyridyl>13-propyl]phosph^ 
fluoio- 2'-deoxy uridine. nip=aOO - 204 "C; AnaL Cald. for 

C25H27FN4OllP2+1.5H2O+0.3CH2C12+0.1i-Pr0H: C: 43.99; H: 4.53; N: 8.02. Found: C: 
10 43.56; H: 4.06; N: 7.97. 

30.6: 5'-{[l-(4-pyridyl)-l^-propyl]phosphoiyl}- 2', S'-dideoxyadaiosine. nq>=98 - 100 "C; AnaL 
Cald. for C18H21N605P+1.6H2O: C: 46.88; H: 5.29; N: 18.22. Found: C: 47.21; H 5.11; N: 
17.76. 

30.7: 5'-{[l-(4-pyridyl>l^-pn)pyl]phosphoiyl}-5-fluon)-2'-deoxy uridine. mp=120-124 "C. 
15 Mass. Cald. for C17H19N308PF. MNa+: 466. Foumd: 466. 

30.8: 9-{[l-(4-pyri^l)-l^-propyl]phosphoiyl>- [2(methylenoxyethoxy)]-guanine. Kbss. Cald. 
forC16H19N606P. MNaf: 445. Found: 445. 

j&caniples of use of the metbod of tiieinvqition includes the following. It will be 
20 understood that these exanq>les are exemplary and that the method of the invention is not limited 
solely to these examples. 

For the purposes of clarity and brevity, chemical compounds are referred to as synthetic 
example numbers in the biological exanqiles below. 

Besides the following ^camples, assays that may be usefiil for idoitifying compounds 
25 which inhibit gluconeogenesis include the following animal models of Diabetes: 

i. Animals with pancreatic b-cells destroyed by specific chemical cytotoxins such as 
Alloxan or Streptozotocin (e.g. the Strq>tozotocin-treated mouse, -rat, dog, and -monkey). 
Kodama, H., Fujita, M, Yamaguchi, L, Japanese Jounud of Pharmacology 1994, 66, 331-336 
30 (mouse); Youn, J JEL, Kim, J.K.. Buchanan, T.A., DuAetes 1994, 43. 564-571 (rat); Le 
Marchimd, Y., Lotrai, E.G., Assunacopoulos-Jannet, F., et al.. Diabetes 1978, 27, 1 182-88 
(dog); and Pitkin, R.M., Reynolds, W.A., Diabetes 1970, 19, 70-85 (monkey). 
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ii. Mutant mice such as the CSTBL/Ks db/db, CSTBL/Ks ob/ob, and CS7BL/6J ob/ob 
strains fiom Jackson Laboratory, Bar Harbor, and others such as YeUow Obese, T-KK, and New 
Zealand Obese. Coleman, DX., Huimnel, ILP., Diabetologia 1967, 5, 238-248 (CSTBL/Ks 
db/db); Cbleman, D.L., Diabetologia 1978, 14, 141-148 (C57BL/6J ob/ob); Wolfi; GX., Pitot, 

5 ¥LC., Genetics 1973,73, 109-123 (YeUow Obese); Dulin,W.E.,Wyse,B.M.,I)iflto^^^ 
1970, 6, 317-323 (T-KK); and Bielschowsky, M., Bielschowsky, F. Proceedings of the 
University of Otago Medical School, 1953,57^29-31 (New Zealand Obese). 

iii. Mutant rats such as the Zucker &/& Rat rendered diab^c with Strq[)tozotocin or 
Dexamethasone, flie Zucker Diabetic Fatty Rat, and the Wistar Kyoto Fatty Rat Stolz, KJ., 

10 Martui, R.J. Journal of Nutrition 1982, 112, 997-1002 (Streptozotocin); Ogawa, A., Johnson, 
J.H., Ohnbeda, M., McAllister, C.T., liunan, L., Alam, T., linger, RJI., The Journal of Clinical 
Investigation 1992, 90, 497-504 (Dexamethasane); Clark, J.B., Pahner, C J., Shaw, W.N., 
Proceedings of the Society for Experimental Biology and Medicine 1983, / 73, 68-75 (Zucker 
Diabetic Fatty Rat); and Idida, H., Shino, A., Matsuo, T., et al.. Diabetes 1981, 30, 1045-1050 

15 (Wistar Kyoto Fatty Rat). 

iv. Animals with spontaneous diabetes such as the Chinese Hamster, the Guinea Pig, the 
New Zealand White Rabbit, and non-human primates such as the Rhesus monkey and Squirrel 
monkey. Gerritsen, G.C., Connel, M. A., Blanks, M.C., Proceedings of the Nutrition Society 
1981, 40, 237 245 (Chinese Hamster); Lang, CJM., Munger, BX., Diabetes 1976, 25, 434-443 

20 (Guinea Pig); Conaway, H H., Brown, C.J., Sanders, L.L. eta L, Journal of Heredity 1980, 71, 
179-186 (New Zealand White Rabbit); Hansen, B.C., Bodkin, M.L., Diabetologia 1986, 29, 
713-719 (Rhesus monkey); and Davidson, LW„ Lang, CM., Blackwell, W.L., Diabetes 1967, 
/(J, 395-401 (Squirrel monkey). 

V. Animals with nutritionally induced diabetes such as flie Sand Rat, the Spiny Mouse, 

25 the Mongolian G^il, and the Cohen Sucrose-Induced Diabetic Rat Schmidt-Kielsen, K., 

Hainess, H.B., Hackel, D.B., Science 1964, 143, 689-690 (Sand Rat); Gonet, A.E., StaufBicher, 
W., Pictet, R.i et al., Diabetologia 1965, /, 162-171 (Spiny Mouse); Boquist, L., Diabetologia 
1972, 8, 274-282 (MongoUan Gerbil); and Cohen, A.M., Teitebaum, A., Salitemik, R., 
Metabolism 1972, 21, 235-240 (Cohen Sucrose-Induced Diabetic Rat). 

30 vi. Any other animal with one of the following or a combination of the following 

characteristics resulting from a genetic predisposition, genetic engineering, selective breeding, or 
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chmiical or nutritional induction: impaired glucose tolerance, insulin resistance, hyperglycemia, 
obesity, accel^ed gluconeogenesis, increased hepatic glucose output 
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Group— 1^ >— Z 
W 












Synthotic 
Example 
No. 


Group 


V 


Z 


W 


w 


Dlastoraomofs 


30.6 

■ 


9I2(mettiytenoxyettMi)cy}]- 
guaiiinyt 


4H>Sfrldyl 


H 


H 


H 




30.7 


&-Huoro- 2'-dMixyuridin8-5*- 




H 


H 


H 




30.6 


2\ 3'-Dideoxyadeno8mch5'- 


4iiyfWyl 


H 


H 


H 




30.5 


S-Ruoro- 2'-deoxyiiridine-5*- 


4-pyndyl 


H 


H 


H 




. 30.4 


2*fhjoroBdenine-9-b-D- 
arabinofurano8ide-5*- 


4^)yrwyl 


H 


H 


H 




30.3 


Ribavirif>-5'- 


4iiyiidy! 


H 


H 


H 




30.2 


2*. 3*-Dideoxyino8ine-5'* 


4-pyridyl 


H 


H 


H 




2BJZ 


N, N-Diisopropylamino 


4i»yfidyl 


H 


H 


H 




30.1 


Adenine-9-beta-D- 
araUnofuranos-S'-yl 




H 


H 


H 




28.4 


Adenine-9-othytefieoxymethyl 


4ivrWyl 


H 


H 


H 




7.11 


2-< &-Chloro-4-methyl- 1 • 
isobutYlbereBimtdazol-2-yI)furafv 


H 


methoxycartx^ny 
oxymethyl 


4 H 


H 


ina|or isomar 
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Synthetic 
•Exsmplo 
No. 


Group 


V 


Z 


W 


W 


"Oidstereomofs 


7.10 


isobutylbenziinidazoi*2-yOfuran- 


H 


methoxycaftofiyl 
dxymettiyt 


H 


H 


minor isoinsf 


4.5 


2-(&-Chtoro-4-mothYl-1- 
isobutylb8nziinidazol-2"ynfurai^ 


4^iyridyl 


H 


H 


H 




7.9 


2-(1-isolMity(-4.S,6.7- 

latninrwittMrlhAnTimtdA9fil»2« 
ipmniiPmiiyi»jwifciiiin.wfcWi^fc 

yl)fiirBn-&-yl 


H 


methoxycarfoonyl 
QxynicUiyl 


H 


H 


major Isomer 


7.0 


2-(14sobiJtyl-4,5.6,7- 
tetramethYlbenziinidazol*2* 

Vnfuran-5-Y< 


H 


inethaxycarboityl 
Axyvnothyl . 


H 


H 


minor isomer 


4.4 


2-(1-lsobutyl-4,5,6.7- 

tetramotliylbenzifni(tezol-2- 

yllfuran-S-yl 


4-pyridyt 


H 


H 


H 




26.3 


Adeniner9-etlivleneoxyin6thyl 


(RH^henyt 


H 


H 


H 




28.2 


Adentne-9^thyteneoxy methyl 


H 


hydnixymethyl 


H 


H 




4.1 


2-(6-Afnino-9-n80pentylpijrin-8- 

yll lUr oi r V*y> 


2i>yfWyl 


H 


H 


H 




7.7 


2-(4-Aiiuno-7-ethyl-5-fliioro-1 - 
isoDUiytD8nztrniaazoi*A'yi|Tufw 
5-yl 


H 


hydroxymethyl 


H 


H 




3.1 


2-(6-Chloro>1- 

i80DuiyiognziiiwoazciHA*Ywiw 
5-yl 


3-luryl 


H 


H 


H 




29.2 


Adenine-9<4ieta-D- 
areuinofiiiaiiuo-D -yi 


(RH)henyl 


H 


H 


H 




29.3 


Adenine-S-beta-D- 
arahinof uranos^B **>vl 


H 


acetoxymethyl 


H 


H 




7.6 


2-(4-Amlno-7-6thyl-5-fluorD-1 - 

i80biJtylbenztnudazol-2-ynfurBn- 

5-yl 


H 


Qfrioh8X3ii6cart) 
oiiyloxymeUi)^ 


H 


H 
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Synthetic 
Example 
No. 


Group 


V 


Z 


W 


W 


Dlastoroofnore 


1 

1 


M&-Chloro-1- 

8obutylbenzimidazol-2-yl)fufan- 


H 


sniinoinettiyl 


H 


H 




27.1 


2-{6-Chlofo-l- 

l80btitylbenzimlclazol-2-yl)ftjrBn- 
B-yl 


H 


aikiomethyi 


H 


H 




7.5 


2-(6-Afnino-9*neopentylpurin-8» 
yQfuran-S-yl 


H 


soBftttQfinethyl 


H 


H 




7.4 


2-(4-Afnino-7-ettiyl-5-f luoio-1 - 

isobutylberizimiclaEoi-2-yl)furan- 

5-yl 


H 


acsetoxymethyl 


H 


H 




7.3 


2<<&<:h)oro-V 

isobutylbenzimidazol-2-yOfurafv 
5-yl 


H 


methoxycart)onyl 
oxymethyi 


H 


H 




-Ti-I 


2-(6-Chloro-1- 

isQbutylberaimid8zol-2-yl)furaf>- 

5-yl 


H 


liydroxyinethyl 


H 


H 




6.2 


2-(6-Chloro>1- 

i8obiftylbenziinidaxol-2-yOfuran- 
5^ 


3*romo-4- 
m^hoxyphenyl 


H 


H 


H 


minor isomer 


6.1 


2-«6^oro-l- 

isobutylbenzifnklazoi-2*Yl)fijran- 
&yl 


34>jDmo 4 
mottMXxyphonyl 


H 


H 


H 




4.3 


2-(6-Ch!oro-l- 

isobutylbenziniidazol-2-yOfuran- 
5-yl 


4-pyridyl 


H 


H 


H 




72 


2*<6-Chloro-1* 

i80butylbeffizimi(iazol-2'-ynfiir8n- 
6-y« 


H 


acetoxymethyl 


H 


H 




4.4 


2-(6-Chloro-1- 

i8ot>utyU)erizimfdazol-2-yOfuraiv- 
5^ 


N-oi«>-2iyyridyl 


H 


H 


H 




5.2 


2-<6-Chloro-1- 

isobutylbenzifnidBZol-2-yt)tur8fV' 
5-yl 


4-Auorophenyl 


H 


H 


H 


mijor isofiiBr 


5.1 


2-(6-Chloro-1- 

isobucylbenzifnidazol-2-yl)fiiraiv 
5-yl 


4-fluofophenyl 


H 


H 


H 


minor isomer 
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Synthetic 
Example 
No. 


Group 


V 


Z 


W 




DiastBreomera 


4.2 


2-<6-QUoro-1- 

S0DUiyUi8nZIml0aZiH*Z*Yl|nirBn" 

5*y1 


2-purktyl 


H 


H 


H 





2.6 


2^6-Chloro-V 

tsolHitylDenziniiaaKti*z*yviuiBn- 
6-yl 


4- 

RftfiVflWiHllODIlBnWI 


aoetytamino 


H 


H 




2.5 


2-(6-Chlon>-1- 

tsoDutyioonzinuoBZOi''Z--yij luran- 
5^ 


44)ttrophenyl 


BO^ftamino 


H 


H 


minor isomer 


Z4 


2-(6-Chloro-1- 

isobutytbenzifnidazol-2-yOfuran<' 
6^ 


4-nitrophenyl 


aoe^flamino 


H 


H 


major isomer 


2.2 


2-<e<aiIon>-1- 

isobiitytbefizimidazo(-2-yi)furan- 
5-vl 


(RHrtienyl 


H 


H 


H 


minor isomer 


2.1 


2'(6-Chloro-V 

isobiitylbenzifnidazot-2''yOfura»- 
6^ 


(RVptienyl 


H 


H 


H 


mit|or isoiner 




* Absolute configuration 
indicated for diastereomnically 
pure compounds. 
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BIOLOGICAL- EXAMPLES 

Example A: Chemical Stability 

The stability of 30.1 was assessed in isotonic saline and in phosphate buffer (pH 3, 7, and 9), 
and that of 1 J in phosphate buffer at pH 7.4. 

Methods: Aliquots of a 10 jig/mL solution of 30.1 in isotonic saline and in 100 mM 
potassium phosphate buffers at pH 3, 7, and 9 were sampled after 1, 2, S, and 7 days of 
incubation at room tempemture and analyzed by HPLC. A Beckman Ultrasphere C8 column 
(4.6 X 150 mm) was employed and eluted with a gradient from 0.1% v/v trifluoroacetic acid to 
80% methanol at a flow rate of LOmL/min. Detection was at2S4nm. Using these conditions, 
the four isomers of 30.1 were readily separated and quantified. 13 was mcubated at 100 |iM in 
phosphate buffer at pH 7.4 and analyzed by HPLC as described in Example I foUowmg 1 hour 
of incubation at room temperature. 

Results: No decomposition of 30.1 was noted eitfa^ in saline or iiuffer throughout die 7-day 
evaluation period. The results demonstrate that 30.1 is stable for a minimum of seven days. 13 
was found to be fiilly stable for tfie 1-hour incubation period tested. Thus, prodrugs of the 
invention are stable under a broad pH range. 

Example B: Stability to Esterases and Phosphatases 

The stability of select prodrugs to cleavage by purified esterase aind phosphatase preparations 
is assessed. 

Methods: Caiboxylesterase (porcine liver) and alkaline phosphatase (calf intestinal mucose) 
are purchased fiom Sigma Chemical Co. (St Louis, MO). Cariioxyl esterase activity is 
measured in 0.1 M Tris-HCl buffer at pH 8.0. Activity towards p-nitrophoiyl acetate, a known 
substrate and positive control in the reactions is measured as described for example by 
Matsushima M., et al. [FEES Lett (1991)293(1-2): 37-41]. Alkaline phosphatase activity is 
measured in a 0.1 M diethanolamine buffer, pH 9.8, containing 0.5 mM MgC12. Activity 
towards p-nitrophenyl phosphate, a known substrate and positive control in the reactions, is 
measured as described [e.g. Broma O., et al (1975) Biochem J. 151(2): 291-6]. 1 J, 28.4, and 
30.1 are incubated at a concentration of, for example, 250 in appropriate 
reaction mixtures containing caiboxylesterase or alkaline phosphatase. Parallel reactions are run 
with known substrates of the enzymes as described above. Aliqouts are removed firom the 
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reaction mixtuie at various time points and the reaction stopped by addition of methanol to 60%. 
Following coitrifiigation and filtration, the aliquots are analyzed for g»eration of 
parent compound by HPLC. Ara-AMPand PMEA. are analyzed as described in Example G. 6- 
Amino-9^neopentyl-8-(2i>hosphonofuranyl)purine is quantified as described in Exanq)le I. 
5 Results: Insuscq>tibility to cleavage by caiboxylesterase or alkaline phosphatase is indicated 
by the absence of parent compound and presence of intact prodrug in the samples. 

Example C: Stability in Plasma 

The stability of 30.1, l.l,and 13 was assessed in fireshly prepared rat plasma. 
1 0 Methods: Compounds were incubated in plasma at 37**C. and aliqouts removed at appropriate 
time points over the course of 5-8 hours: The aliquots yfexc extracted with 1 .5 volumes of 
methanol and clarified by centrifiigatioiL Supematants vfcrc then evaporated to dryness and the 
residues reconstituted with 100 of isotonic saUne and then analyzed by reverse phase HPLC. 
Results: There was no evidence of metabolism of 30.1, 1.1, or 13 during the incubation 
1 5 period. These findings demonstrate that these prodrugs are not susceptible to cleavage by 
plasma esterases, adenosine deaminase, or other plasma cazymes. 

Example D: Activation by Rat Liver Microsomes 

7.1 was» and 30.1 and 28.4 are tested for activation to their respective parent compounds m 

20 reactions catalyzed by the microsomal fraction of rat liver. 

Methods: The microsomal fraction was prepared fix)m fresh, saline-perfiised rat liver. Liver 
tissue was homogoiized in three volumes (w/v) of 0.2 M KH2PO4 buffer pH 7.5, containing 
2mM MgCb and 1 mM EGTA. The homogenate was centrifiiged at 10,000 g for 1 hour and the 
supernatant recovered. The supernatant fraction was then recentrifiiged at 100,000 g to pellet the 

25 microsomal fraction. The pellet was resuspended in homogenization buffer and recentrifiiged. 
This process was repeated twice to ensure complete removal of cytosolic enzyme activities. After 
the last centrifiigation, the microsomal pellet was resuspended in homogenization buffer at a 
final protein concentration of about 14 mg/ml. 

For 7.1, reaction mixtures (0.5 ml) consisted of 0.2 M KH2PO4 pH 7.5, 1 3 mM glucose-6- 

30 phosphate, 2.2 inM NADP\ 1 unit of glucose-6-phosphate dehydrogenase, 0-2.5 mg^ * 
microsomal protein and 100 (iM 7.1. Reactions were carried out at 37^C. Aliquots were 
removed from the reaction mixtures at q^propriate time points, and extracted with 60% 
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methanol. The methanolic extracts wete centrifiiged at 14,000 rpm, and filtered (0.2 ^M) prior 
to analysis by HPLC as described in Example L Eluted peaks were quantitated relative to 
authentic standards of 6<3ilon>-l-isobutyl-2-(2-Phosphono-S-furanyl)bCTzimidazote of known 
concentration. 

5 28.4 and 30.1 are evaluated essentially as described for 7.1 above. The formation of parent 
compounds PMEA and ara-ANfP is monitored as described in Example G. Alternatively , the 
activation of 28.4 and 30.1 can be monitored by the depletion of NADPH, an essential co&ctor 
in the reaction. This assay is performed in reactions mixtures consisting of 0.2 MKH2PO4,0J22 
mM NADPH, 0-2.5 mg/ml microsomal protem, and 100 |iM 28.4 or 30.1. Reactions are 

10 monitored spectcophotometrically at 340 nm. A decrease in absoibance is indicative of cofactor 
dqiletion and thus of the enzymatic oxidation of prodrug to parent compoimd. 

Results: 7.1 was converted to parmt compound in the presence, but not in the absence o^ 
NADP**^ (this cd&ctor is enzymatically reduced to NADPH by the dehydrogenase present in the 
reaction mixtures). This result indicates that atn oxidative step was involved in ttie activation of 

15 Oie prodrug. The rate of activation of 7.1 to parent compound was found to be linearly 

dependent on microsomal protein concentration, confirming that activation occurs by an enzyme- 
dependent mechanism. Similar results are found for 30.1 and 28.4. 

Example E: Activation by Human Liver Microsomes 

20 7.1, 13, and 30.1 were tested for conversion to their respective parent compounds by the 

microsomal fraction of human liver. 

Methods: Reaction mixtures (0.5 ml @ 37"C) consisted of 0.2 M KH2PO4, 13 mM glucose- 
6-phosphate, 2.2 mM NADP^ 1 unit of glucose-6-pho5phate dehydrogenase, 0-2.5 mg^ml human 
microsomal protein (bi Vitro Technologies, Inc.), and 250 ^M of 7.1, 1.3, or 30.1. The 

25 activation of 7.1 and 13 to parent compound was monitored by HPLC as described in Example 
1. Ara-AMP generated by activation of 30.1 was detected by reverse-phase, ion-pairing HPLC as 
follows. Reactions were stopped by addition of methanol to a concentration of 60%, filtered {02 
|iM filter), and lyophilized. Samples were resuspended in HPLC buffer (10 mM phosphate pH 
5.5, 2.5 mM octyl-triettiyl-ammomum), loaded onto a YMC C8 HPLC column (250 x 4.6 mm), 

30 and eluted with a methanol gradient to 80%. Formation of ara-AMP was confirmed by co- 
elution with an authoitic ara-AMP standard. 
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Results: The rate of formation of parent compound from 13 and 7.1 was detennined to be 
O.SS and 0.8S nmoles/ing miorosomal protein^iinute, respectively. The reaction rate observed 
for the formation of ara-AMP finom 30.1 was 0.12 mnoles/min/mg of microsomal protein. All 
three prodrugs were thus transfonned to their respective parent compounds by an NADP 
requiring microsome-catalyzed reaction. 

Example F: Identification of the p450 Isozyme Involved in the Activation 

30.1, 1 J, and 7.1 wore evaluated for human microsome-catatyzed conversion to parent 
compound in the absence and presence of specific inliibitors of three major p4S0 isozymes: 
ketoconazole (CYP3A4), furafylline (CYPl A2), and sulfaphenazole (CYP2C9). 

Methods: Reactions (0.5 ml @ 2TC) consisted of 0.2 M KH2PO4, 13 mM glucose-6- 
phosphate, 2.2 mM NADP*^, 1 unit of glucose-6-phosphate dehydrogenase, 0-2.5 mg/ml human 
microsomal protein (In Vitro Technologies, Inc.), 250 ]xM prodrug, and 0-100 ^M p450 isozyme 
inhibitor. Ara-AMP, parent compound of 30.1, was detected by reverse-phase, ion-pairing 
HPLC. Reactions were stopped by addition of methanol to a concentration of 60%, filt^ed (0.2 
)iM filter), and lyophilized. Samples were resuspended in HPLC buffer (10 mM phosphate pH 
5.5, 2.5 mM octyl-triethyl-ammonium), loaded onto a YMC C8 HPLC column (250 x 4.6 mm), 
and eluted with a methanol gradient to 80%. Formation of ara-AMP was confirmed by co- 
eltttion with an authentic ara-AMP standard. Generation of parent compound from 13 and 7.1 
was detennined as described in Example I. 

Results: 30.1 was converted readily to ara-AMP in human liver microsomes. The reaction 
rate observed for the formation of ara-AMP was 0.12 nmoles/min/mg of microsomal protein. 
Ketoconazole inhibited the formation of ara-AMP in a dose-dq>endent fiaishion; 95% inhibition 
was observed at 1 fiM, a concentration known to specifically inhibit CYP3 A4. The other 
inhibitors, fiirafylline and sutEq)henazole, showed no significant mhibition. The results indicated 
that CYP3A4 is tiie primary p450 isofonn responsible for 30.1 activation in human liver. 
Similar results were obtained with 1 J and 7.1 in human microsomes. 

Example G: Activation of 30.1 and 28.4 by Recombinant CYP3A4 

Activation of 30.1 and 28.4 was evaluated m reactions containing microsomes fix>m 
baculovirus-infected insect cells co-expressing recombinant CYP3 A4 and cytochrome p450 
reductase (Panvera Corp., Madison, WI). 
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Methods: Reaction mixture composition was similar to that described in Example E. 

Reactions were tenninated by addition of methanol to a final concentration of 60%, and products 

typicaUy analyzed by HPLC wifli use of a YMC reverse phase C8 column (250 x 4.6 mm). 

Samples were loaded onto the column in mobile phase A (1 0 mM phosphate pH S.S, 2.5 mM 
5 octyl-triethyl-ammonium) and eluted with a gradient of mobile phase B (methanol) to 60% over 

10 minutes. The effluent was monitored at 254 nm. 

Results: Activation of 30.1 and 28.4 to their respective parent compounds was found to be 

dependent upon the presence of NADPH, and to be Imear for 30 minutes at 37'*C. The rate of 

formation of ara-AMP fiom 30.1 (250 fiM) was 3.3 ± 0.5 nmoles/ min/ nmole CYP3A4, \rtiereas 
10 the rate of formation of PMEA firom 28.4 (100 |iM) was 3.1 ± 0.1 nmoles/ min/ nmole CYP3A4. 

These studies confirmed that p450 isoform CYP3A4 catalyzed the oxidation of 30.1 and 28.4. 

Example H: Identification of Active Diastereomers 

P450 enzyme-catalyzed oxidation of the four isomers of 30.1 was evaluated in reactions 
1 5 containing microsomes fiom baculovirus-infected insect cells co-expressing recombinant 
CYP3A4 and cytochrome p450 reductase (Panvera Corp., Madison, WI). 
Methods: Reaction mixtures were suxiilar to those described in Example E. Prodrug stock 
solutions were prepared in medianol and added to the reaction mixture to a final concentration of 
100 )iM. Reactions were terminated by addition ofmedianol to 60% (v/v), evirated, and 
20 redissolved m methanol. The 30.1 isomers were separated and quantified by HPLC with use of a 
YMC revise phase C8 column (250 x 4.6 mm) equilibrated with mobile phase A (0.1% TFA) 
and eluted with a gradient to 80% mobile phase B (methanol) over 15 minutes. Isomeis 1, 2, 3, 
and 4 had retention times of 11.4, 12, 12.1, and 12.4 mmutes, respectively. 
Results: Reaction rates were linear over die 30 minute reaction period. Oxidation rates for 
25 each isomer are shown below (Isomer numbers refer to their elution order fiom the HPLC 
column): 

Isomer mnoles oxidized/min/nmole CYP3 A4 



30 1 0.31 

2 0.54 

3 0.70 

4 0.75 
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The results indicate that all four isomers of 30.1 were substrates for CYP3A4. Isomer 
1 was the poorest substrate while isom^ 4 was the best This is in agreement with iifwva 
results described in Example N. Selection of single purified isomers may allow for optimization 
of pharmiocokinetic and pharmacodynamic parameters. 

5 

Example I: Activation in Isolated Rat Hepatocytes 

7.1, 7*2, and 13 w^ evaluated for activation to parent compound in isolated rat hepatocytes. 
Methods: H^atocytes were pr^ared fipom fed Sprague-Dawley rats (250-300 g) according 
to the procedure of Berry and Friend (Berry. M.N„ Friend. D,S. J- Cell Biol. 43, 506-520 (1969)) 

10 as modified by Gioen (Groen. A.K. et al. Eurl Biochem 122, 87-93 (1982)). Hepatocytes (75 
mg wet weight/ml) were incubated in 1 ml Krebs-bicaibonate bufG^ containing 10 mM glucose, 
and 1 mg/ml BSA. Incubations were carried out in a 95% oxygen, 5% carbon dioxide 
atmosphere in closed. 50-ml Falcon tubes submerged in a rapidly shaking water bath (37^C). 
PixKlmgs were dissolved in DMSO to yield 10 mM stock solutions, and then diluted into the cell 

15 suspension to yield a final concentration of 100 jiM. At appropriate time pomts over the course 
of one hour, aliquots of the cell su^qision were removed and spun through a silicon/mineral oil 
layer mto 10% perchloric acid. The cell extracts in the acid layers were neutralized, and the 
intracellular prodrug metabohte content analyzed by reverse phase HPLC. An ODS column was 
used for analysis. It was eluted viriith a gradient finom 10 mM sodium phosphate. pH 5.5 to 75% 

20 acetonitrile. Detection was at 310 mn. Peaks on the cbromatograms were identified by 

comparison to the retention times and spectra of standards of prodrug and parent compound 

Results: Both 7.1 and 7.2 gaierated peak intrahepalocyte levels of 6-Chlon)-l-isobutyl-2-(2- 
Pho^hono-5-fi]ranyl)benzimidazole (approximately 700 and 500 nmoles/g cells, respectively) 
within 15 minutes of addition to the cell suspmsion. 13 graerated similarly high levels of its 

25 parent compound. 6-Ainino-9-neopentyl-8-(2-phosphonofi]ranyl)purine. The data indicated that 
the prodrugs difiiised rapidly into the cells and that they were readily metabolized to parent 
compound intxacellularly. 

Example J: Inhibition of Glucose Production in Rat Hepatocytes 
30 Select prodrugs of FBPase inhibitors were tested for inhibition of glucose production m 
isolated rat hepatocytes. 
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Methods: Hq>atocytes were prepared from overnight &sted Sprague-Dawley rats (250-300 g) 
as described in Example 1. Hepatocytes (75 mg wet weight/ml) were incubated in 1 ml Krebs- 
bicaibonate buffer containing 1 mg/ml BSA. Incubations were carried out in a 95% oxygen» 5% 
carbon ^oxide atmosphere in closed, 50-ml Falcon tubes submerged in a rapidly shaking water 

5 bath(37^C). After a 10 minute equilibration period, lactateandpyruvate wmadded to lOmM 
and 1 mM concentrations, respectively. Addition of gluconeogenic substrates was inunediately 
followed by that of appropriate concentrations of test compound. After 1 hour, an aliquot (0.25 
ml) was removed, transferred to an Eppendorf tube and centrifuged. The supernatant (50|il) 
was then assayed for glucose content using a Glucose Oxidase kit (Sigma Chemical Co.) as per 

10 the manu&cturer's instructions. 

Results: The following table dqiicts the inhibitory effect on gluconeogenesis for several 
prodrugs prepared in the Exanq[>les. Since none of the prodrugs were found to be inhibitors of 
FBPase, inhibition of gluconeogenesis in hqiatocytes is a measure of tfie dpgree of activation of 
prodrug to the active parent conq[)Ound. The results indicate that all of the prodrugs were 

1 5 converted to tibteir respective parent compounds in hq>atocytes. 







inhibition O 100 uM 






1.1 




77 




13 




13 


20 


lA 


36 






7.1 




48 




2A 


40 






42 


68 






5.2 


36 




25 


5.2 


16 






12 




90 




42 


55 






6.1 


11 






7.1 


65 


48 


30 


72 


61 






7.4 




25 




7.5 




13 



35 Example K: Biologically Active Drug Metabolites Formed Following Prodrug Activation in 
Isolated Rat Hepatocytes 

Metabolism of 28.4 and 30.1 to active antiviral nucleoside phosphates was monitored in 
isolated rat hepatocytes. 
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10 



15 



Methods: Hepatoc^tes woe prepared and incubated as described in Example I. 28.4 and 
30.1 and thdr respective parent conqwunds, PMEA and aia-AMP. were dissolved in DMSO or 
medianol to yield 10 mM stock solutions, and thai diluted into the cell suqwnsion to yield a final 
concoitntion of 100 |iM. At q>propriate time points over the course of 2-4 hours, aliquots of die 
cell suspoision woe removed and spun througji a siliconAiuneral oil k^er into 10% perdiloric 
acid. The cell extracts in die acid layers woe neutralized by the addition of 0.3 volumes of 3M 
K0H/3M KHCO3, and the extract was dien centrifuged, filtered (0.2 micron filto:) and loaded 
onto an anion exchange HPLC column equilibrated widi 70% A (10 mM ammonium phosphate 
pH 3.5, 6% ETOH) and 30% B (1 M anmKmium phosphate pH 3 J, 6% ETGH). Ara-ATP and 
PMEApp were eluted with a gradient to 80% B. Detection was at 254 nm. 

Results: The Table below cleariy demonstrates that both 28.4 and 30.1 were readily 
converted to PMEA-dtphosphate and ara-ATP in hq>atocytes. 

The lows' levels of ara-ATP gmerated with 30.1 relative to ara-AMP are most likely due 
to the slow rate of activation of the prodrug to parent compound in cells. In vivo, 30.1 was 
demonstrated to have a clear advantage ova* ant-AMP as evidenced by the 2- to 5-fold higho: 
levels of ant-ATP generated in livor (Exsaaple O). 



INSERT FROM PAUL 



20 Compound Posse. tiM fm^c\ 



25 



28.4 100 

PMEA 250 

30.1 100 

araAMP 100 



PMEApp 
PMEApp 
ara-ATP 
ara-ATP 



TMia^fQint 

4h 
4h 
2h 
2h 



Product concentration 
mnoles/eeeUs 

169 
120 
108±4 
212±0.6 



Example L: Identification of Prodrug Cleavage Products 

1.1 was evaluated for microsome-catalyzed conversion to parent conqiound 2-{5-[9-(2- 
30 Phenyiethyl>8-adCTinyl]} furanylphosphonic acid and phenol, an expected byproduct of the 
reaction. 

Meihods: Rat liver microsomes were prepared as described in Example I < Reaction 
conditions, sanq;>le processmg, and HPLC analysis were as described in &cample D. Phenol was 
identified by HPLC by its retention time and spectral characteristics relative to an authoitic 
35 standard. 
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Results: 2-{S-[9-<2-Phenylethyl)-8-a(ieninyl]}fimaiylphosp^ acid and phenol were 
generated in a linear fashion ov^ a S hour reaction period at a rate of 1 S pmoles /mg microsonoal 
protein/minute. 2-{5-[9K2-Phenylethyl)-8-adeninyl]}furanylphosphonic acid and phenol were 
liberated in an equimolar &shion as expected. These results siqipoit an oxidative/p-eliminalion 
mechanism. 
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Example M: Oral BioavailabOity 

The oral bioavailability (OBAV) of 30.1 was estimated by comparison of the area under the 
curve of ara-ATP generated in liver following oral administration to that generated following 
intravenous administration. The oral bioavailability of prodrugs of a variety of phosphonic acid 

5 FBPase uihibitors was estimated by a urinary excretion method in rat 

Methods: Fasted rats wete dosed orally and intravenously with 30*1 at 3 and 10 mg^g. Liver 
samples were obtained, processed, and analyzed for ara-ATP content as described in Example P. 

Prodrugs of FBPase inhibitors were dissolved in 10% ethanol/90% polyethylene glycol (mw 
400) and administered by oral gav^e at doses of 20 or 40 mg/kg parent compound equivalents 

10 to 6-hour fiisted, Sprague Dawley rats (220-240 g). The rats woie subsequently placed in 

metabolic cages and urine was collected for 24 hours. The quantity of parent compound excreted 
into urine was determined by HPLC analysis; An ODS column eluted with a gradient from 
potassium phosphate buffer, pH 5.5 to acetonitrile was employed for these measurements. 
Detection was at 310-325 nm. The percentage oral bioavailability was estimated by comparison 

15 of the recovery in urine of the parent compound generated from the prodrug, to that recovered in 
urine 24 hours after intravenous administration of uiisubstituted parmt compound at 
q)proximately 10 mg/kg. Parent compounds were typically dissolved in dimethyl sulfoxide, and 
administoed via flie tail vein in aniriials that were briefly anesthetize 

Results: The oral bioavailabiUty of 30.1 was found to be 17.4% and 13.7% by conq)arison of 

20 the 10 mg/kg and 3 mg/kg oral and intravenous doses, respectively. These results suggest tfiat 
30.1 may be administered orally for the treatmmt of viral disease. AraA, the parent compound, 
has only been useful as a parenteral treatment because of its low oral bioavailability. P'Admine 
Arabmoside: An Antiviral Agent" (1975) D. Pavan-Langston, Editor, Raven Press Publishers, 
New York]. 

25 Results for the FBPase inhibitor prodrugs were as follows 

Prodrug Parent compound % OBAV Pare nt % OBAV Prodme 



2.4 


6-Chloro- l-isobutyl-2-(2- 








Pbosphono-S-furanyl)benzimidazole 


0.5 


8.7 


30 4.2 


6-ailoio-l-isobutyl-2-(2- 








Phosphono-5-furanyl)benzimidazole 


0.5 


8.5 




6-Chloio-l-isobutyl-2-(2- 








Phosphono-S-furanyl)brai2dmidazole 


0.5 


2.4 


12 


6-Chloro-l-isobutyl-2-(2- 






35 


Phosphoao-5-furanyl)beiizimidazole 


0.5 


12.5 
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43 6-CWoro-l-isobutyl-2-(2" 

Phosphono*S*furanyl)benzimidazole 

7.1 6-Chlon)-l-isobutyl-2-(2- 

Phosphono-S-funmyl)ben7ifnida7X>Ie 

7J 6-Chloro-l-isobutyl-2-<2- 

Phosphono-S-furanyl)benziixudazole 



0.5 



0.5 



0.5 



11.6 



10.9 



14.1 



As is evident fiom the above, the prodrugs increased the oral bioavailability of 6-Chlora-l- 



Example N: Phannacokmeticsof 30.1 and Certain Drag Metabolites 
The phannacoldnetics of 30.1 wm evaluated in the rat 

Methods: 30.1 was administered at 20 nig/kg to fasted rats via the tail vem under li^t 
halothane anesthesia. At apiopiiate time points following drug administration, rats were re- 
anesthetized with halothane. The peritoneal cavity was then opened and a blood sample was 
obtained fom the abdominal vena cava and the UvorfreezeHslamp Blood 
samples were briefly centrifuged and the plasma fraction was then retracted with 1.5 volumes of 
m^hanoU processed, and analyzed by HPLC as described in Example A. Liver samples were 
excised, fiozed in liquid nitrogen, and then homogenized in 100% methanol. Liver extracts wm 
flien cratrifuged at 14,000 rpm and the methanolic supematants subsequmtly filtered and 
evaporated to dryness. Samples wm resuspended in isotonic saline and analyzed by HPLC as 
described in Example A. Pharmacokinetic parameters woe determined with the aid of 
WinNonUn version 1.1 (Scientific Consultmg, Inc.) software. Renal excretions studies were 
performed as described in Example Q. 

Results: The following phaimocokinetic parameters were calculated for 30.1: 



The primary route of clearance was renal (--58%). However, the short plasma half life and 
low volume of distribution of 30.1, coupled with high concentrations of prodrug observed in 
liver 20 nmoles/g at 20 minutes), suggest that 30.1 was rapidly extracted from plasma by the 
liver as well. Hq)atic metabolism of 30.1 to ara-ATP and/or other products could potentially 
account for clearance of die remaining 42% of the dose. 



isobutyl-2<2-Phosphono-5-furanyl)ben2imidazole by 2.5- to 25-fold 



clearance 
plasma half life 
volume of distribution 
mean residence time 
liver half life 

urinary (renal) excretion (24hr) 



3.34 L/hr/kg 



0.19 hr 
0.70 Ukg 
0.21 hr 
0.90 hr 



(57.7 ±5.9%) 
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The results also indicated that ttie four isomers of 30.1 underwent hepatic metabolism at 
different rates: The isomers were separated according to Exaiiq)leIL Isomer 1, for instance, was 
cleared in liver significantly slower than isomer 3. The hepatic half-lives for isomers 1 and 3 
wore 0.98 and 0.54 hours, respectively. 

5 

Example O: Enhanced Liver Delivery of ara-ATP and Reduced Generation of 
Ara-bypoxanthine 

The temporal profile of ara-hypoxantbine and ara-ATP generation following intravenous 
administration of 30.1 and free ara-AMP was compared in tiie rat 
1 0 Method: 30.1 and ara-AMP (Sigma) were administered to normal, fasted rats intravenously 
(in saline) via tail vein catheters. At appropriate time points following drug a administration, 
animals woe lightly anesthetized with halothane. The peritoneal cavity was then opened and a 
blood sample was obtained firom the abdominal vena cava and the Uver fieeze-cl^^ 

excised. 

15 The blood samples were heparinized and plasma was prq)ared. Plasma samples (100 t&L) 
wrae mixed with 4 N perchloric acid (40 jiL), vortexed, and dien clarified by centrifugation. 
The supematants were analyzed for ara-hypoxantbine by HPLC with use of a Beckman 
Ultrasphere ODS colunm (4.6 x 150 mm). The column was eluted wifli 100 mM acetic acid at a 
flow rate of 1.0 mL/min* The eluent was monitored by UVabsorbance at 254 nm. 

20 Livers were unmediately homogenized in 3 volumes of 10% perchloric acid (w/w), and the 
extracts clarified by centrifugation at 2500 x g (5 minutes). The resulting supematants wore 
removed and neutralized with 0.3 volumes of 3M KOH/ 3M KHC03. The neutralized Uver 
extracts were then spun in an Eppendorf microfiige at 10,000 rpm (20 minutes, 4''C). The 
supematants were analyzed for ara-ATP content by reverse phase HPLC (HPl 050) usmg a 

25 Whatman Partisphere SA column (4.6 x 125 mm). A gradient fiom 0.3M ammonium 

phosphate buffer pH 3.5 to 0.8M ammonium phosphate pH 3.5 was run (1 ml/minute flow rate). 
Renal excretion of araH following i.v. administration of 30.1 or ara-AMP was d^ennined as 

described in Example Q. 

Results: Ara-hypoxanthine was not detected followirigadrniriistration of 30.1. Norwasara- 
30 hypoxarithine detected in urine . In contrast, ara-AMP at equivalent doses generated jmaolar 

levels ofara-hypoxanthine in plasma, which persisted for 8 hours. In addition, 19.2% of the 10 
mg/kg equivalrat ara-AMP dose was excreted in the form ofara-hypoxanthine in urine. 
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Both 304 and ara-AMP readily gmerated ara-ATF in Uvct. Based on area under the curve, 
Ara-ATP levels generated in liver by 30.1 at doses of 10 and 3 mg^g were 52 and 2.1 times 
higher over 8 hours, respectively, than those generated by a 10 mg/kg iequivalent dose of ara- 
AMP. These studies indicate tiiat 30.1 has an advantage over ara-AMP in vivo because higher 
5 levels of the active antiviral metabolite, ara-ATP. were gmerated in Uvct, whereas ara- 

hypoxanthine, a mietabolite associated with the toxicity of ara-AMP, was not detected m plasma 
or urine. PAUL WILL REVISE. 

Example?: Hepatic FMEA-diphosphate and Plasma PMEA Generation FoUowing 
1 0 Intravenous Administration of 28.4 and bisPOM-PMEA to Rats 

The metabolism of 28.4 and bisPOM-PMEA to the active antiviral nucleoside diphosphate, 
PMEApp, and parmt compound, PMEA, were compared in rat 

Methods: 28.4 and bisPOM-PMEA were dissolved in DMSO/ethanol and administered 
intravenously (1 0 mg/kg, PMEA equivalents) to fiisted rats via tail vein catheters under light 
15 halothane anesthesia. At appropriate time points, blood and liver samples were obtained and 
processed as described in Example O. PMEA-diphosphate in liver and PMEA m plasma were 
analyzed by HPLC as described for araATP and ara-hypoxanthme, respectively, in Example O. 

Results: Both 28.4 and bisPOM-PMEA generated readily detectaible levels of PMEA- 
diphosphate in liver. The area under die curve for hepatic PMEA-diphosphate was 3-fold greater 
20 for bisPOM-PMEA relative to 28.4. Plasma PMEA levels, however, were greatw than 10-fold 
lower with 28.4 relative to bisPOM-PMEA. The results indicate that periph^ exposure to 
PMEA can be reduced by using a cyclic prodrug targeted to the liver and, coupled with the 
findings described in Example Q, suggest that the therapeutic mdex for PMEA can be increased 
with 28.4. 

25 

Example Q: Renal Excretion of PMEA following Intravenous Administration of 28.4, 

bisPOM-PMEA, and PMEA in rats 

The rwial excretion profiles of 28.4, bisPOM-PMEA, and PMEA were compared m rat 
Methods: 28.4, bisPOM-PMEA, and PMEA were dissolved in 56% DMSO/44% isotonic 
30 salineandadmioisteredintravenoiisly to rats via the tail vein. Rats were subsequently caged in 

metabolic cages and urine collected over a 24 hour period. Urine samples were extracted with 

70% medianol/ 2% acetic acid, vortraed and clarified by centrifiigation. Supematants were 
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analyzed for PMEA content by reverse phase HPLC. A Beckman Ultrasphere ODS (4.6 x 150 
mm) column was used with a gradint fiom 20 mM potassium phosphate pH 6.2 to 50% 
acetonitiile. 

Results: Renal excretion of PMEA and of PMEA generated firom bisPOM-PMEA was 83% 
5 and 54%, respectively, of the administered dose. In contrast, less than 1% of tiie 28.4 dose was 
recovered as PMEA in the urine. This result indicates that ttie renal e?q)osure and thus the renal 
toxicity associated with PMEA may be avoided by administration of the compound as the 
prodrug 28.4. 

1 0 Example R: Preliminary Toxicologlcal Evaluation of 30.1 in Miee 
The toxicity of 30.1 was evaluated in the mouse. 

Methods: 30.1 and firee Ara-AMP were administered intraperitoneally to normal C57 mice 
for 22 days at doses of 10 and 100 mg/kg (b.i.d.). Death and other obvious signs of toxidty 
such as weight loss, tremors, rufOing fur, hunching, prostration, dianfaea, lethargy, and 

15 hypoactivity were monitored. On day 22, 3 hours following the final dosing, mice were 
sacrificed and Uvers were removed and homogoiized in 3 volumes (to livor weight) of 10% 
perchloric acid. Liver extracts wm neutralized and araATP was quantitated by ion-exchange 
HPLC as in Exanq)le K. 

Results: There was no mortaUty during the study nor were significant differences in wdg^^ 

20 gain observed for any of the drug treated mice relative to saline treated controls. In addition, no 
abnormal behaviors were observed during the treatment period. AraATP levels measured in 
liver at the end of the treatmmt period are shown in the table below: 

Compound Dose, mg/kg/d araATP. imioles/g liver 

25 araAMP 20 2.5^0.2 

30.1 20 6.6 ±1.6 

araAMP 200 19.1 ±4.0 

30.1 200 23.1 ±9 

30 The results d^onstrate that 30.1 can be safely administered to mice over a 22 day p^od at 
doses up to 200 mgAcg/d while generating liver ara- ATP levels that are equal to or higher than 
levels generated by the parent compound, ara-AMP. 



Example S: Sustained Drug Levels 
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As described in Example O, the plasma half-life of 30.1 in rat was 12 minutes, whereas that 
of fiee ara-AMP, as judged by our inability to detect the compound in plasma, was considerably 
shorter. The latter is in accordance with studies rqiorted in wooddiucks and i^ In 
woodchucks administered araAMP intravenously, plasma ara-AMP levels dropped by greater 

5 • than 90% over 2.5 minutes, suggesting ahalf*life on the order of seconds [Ponzetto, A. et aL 
(1991) Hepatology 14: 16-24]. Following intravenous administration to human patients, ara- 
AMP was not detected in plasma, also iixiicating an extremely short half-life [e.g. Whitley, RJ et 
al (1980) Antimicrobial Agents and Chemotherapy 18: 709-715]. 30.1, by virtue of its sustamed 
plasma levels, can thus serve as a reservoir of parent compound and can therefore be usefid in 

10 ext^ding the phannacoldnetic and pharmacodynainic half-life of the pa^ 

The pharmacodynamic half-life of parent compounds may also be extended by selecting 
prodrugs witti a slow rate of activation. In the study described in Example o it was found that 
the four isomers of 30.1 were activated at different rates in liver. Isomer 1, for instance, had an 
intrahepatic ehmination rate half-life of 0.98h whereas isomer 3 had a half-life of 0.S4 h. This 

1 5 suggests that the mtrahepadc half-life of 30.1 amd Uius presumably that of the active antiyiial 
nucleoside triphosphate, ara-ATP, is dependent on the drug diastereomer. For example. Isomer 
1 would have a relatively long half-life, whereas isomer 3 would have a shorter half-life* 

Example T: Tissue Distribution 
20 30.1 is tested for activation in homogenates from various tissues to assess the specificity of 
Uver activation. 

Methods: Rats are anaesthetized under halothane and tissues mcluding liver, kidney, brain , 
heart, stomach, spleen, muscle, lung, and testis are excised and frozen in Uquid fUtrogeoL Tissues 
are then homogenized m 1 to 3 volumes of 50 mM Tris/HCl, 154 mM KCU 1 niM EGTA pH 7.4: 

25 The homog^iate is centrifuged at 10,000 rpm and 4''C for 30 minutes and the supernatant 

recovered Liver cytosol is prepared by centrifiiging die hycr crude extract for 1 hour at 40,000 
rpm and 4**C. Reaction mixtures consist of 50 mM KH2PO4 pH 7,4, 1 3 mM glucose-6- 
^ phosphate, 2 mM NADP^, 10 units of glucose-6-phosphate dehydrogenase, 100 \iM 30.1 and 
tissue homogoiate at a protein concentration of 8.5 mg/ml. Reactions are incubated at 37^C. 

30 Aiiquots are taken after 0 and 1 hour of incubation, and extracted with 60 % methanol. The 
medumolic extracts are centrifuged at 14,000 rpm, and filtered prior to analysis by HPLC. The 
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samples are loaded onto a YMC C8 column equilibrated with 0.1% TFA and eluted with a 
methanol gradient to 80%. The activation of 30.1 to ara-AMP is monitored at 2S4 oM 

Results: Activation of 30.1 is expected in crude rat liver homogenate resulting in depletion 
of the prodrug and formation of parent compound, ara-AMP. Incubation of 30.1 with livor 
5 cytosol, which does not contain microsomes, does not result in activation. Incubation with all of 
the other tissue homogenates is not expected to result in activation. Results of this nature 
indicate liver specific activation of 30.1. 

Example U; Delivery of 6-Amino-9-neopentyl-8-(2-phosphonofaranyl)purine to liver 

1 0 The graeration of parmt compound'6-Amino-9-neopentyl-8-(2-phosphonofuranyl)purine in 

liver followmg administration of prodrug 13 was evaluated in rat 

Methods: 13 was dissolved in DMSO and administered intnqieritoneally to &5ted rats at a 

dose of SO mg/kg. At various time points following drug administration, animals were 

anesthetized with halothane. The peritoneal cavity was then opcaied and a blood sample was 
1 5 obtained from the abdominal vena cava and the liver fineeze-clanq>ed and excised. Blood and 

liver samples were processed as described in Example P and analyzed for 6-Amino-9-neopentyl- 

8-(2-phosphonofuranyl)purine content as described in Example L 

Results: 6-Amino-9-neopentyl-8-(2-phosphonofuninyl)purine was detected both in plasma 

and liver following 13 administration. Peak levels measured at die earliest time point of 1 hour 
20 were S.8 |iM in plasma and S nmoles/g tissue in liver. 6-Amino-9-neopentyl-8-(2- 

phosphonofuranyl)purine persisted in plasma and liver for 4 hours (flie last time point measured). 
The data demonstrate that 13 is metabolized to 6-Amino-9-n60pentyl-8-(2- 

phosphonofuranyl)purine in vivo and that prodrug administration results in the delivery of 6- 

Ainino-9-neopentyl-8-(2-phosphonofi]ranyl)purine to the liver. 
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We Claim : 

1 . A method of enhancing oral bioavailability of a parent drag by administering to 
an animal a prodrug of formula I: 

o o 
W/ 

M-P^ 
O 

5 I 

wha:ein: 

V is selected finoin the group consisting of -H, alkyl, aralkyl, alicyclic, aryl» substituted 
aiyl, heteroaryl, substituted heteroaryl, 1-alkenyl, 1-aU^yl, and -R^ or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
1 0 containing 1 heteroatom, substituted wifli hydroxy, acyloxy, aUcoxycarbonyloxy, or 

aryloxycaibonyloxy attached to a carbon atom that is three atoms &om an oxygen attached to the 
phosphorus; or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, that is fused to an aryl group at the beta and gamma position to the 
15 oxygen attached to the phosphorus; or 

together V and W are coimected via 3 carbon atoms to form an optionally substituted 
cyclic group containing 6 carbon atoms and substituted with one substituent selected from the 
group consisting of hydroxy, acyloxy, alkoxycarbonyloxy, alkylthiocaifoonyloxy, and 
aryloxycarbonyloxy, attached to a carbon atom that is three atoms from an oxygen attached to 
20 the phosphorus; 

W and W* are independently selected from the group consisting of -H, alkyl, aralkyl, 
alicyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R^; 

Z is selected from tfie group consisting of -C3IR^0H , -CHR^OC(0)R^. 
-a^R^OC(S)R^ -CHR^OC(S)dR\ -CHR^0C(0)SR\ -CHR^0C02R\ -OR^ , 'SR\ 
25 -CHR^Na, -CHjaryl, -CH(aryl)OH, <:H(CH=CR^)0H, -CH(CsCR^)OH, -R^ , -NR^, 

-0C0R\ -0C02R\ -SCOR^ -SC02R\ -NHCOR^ -NHC02R\ -CHaNHaiyl, -(CH2)p-0R^ and 
KCHzVSR'; 




w W 
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R^isanR^or-H; 

R^ is selected from the group consisting of alkyl, aryi» aralkyl, and alicyclic; and 
R^ is selected from the group consistmg of alkyl, aralkyl, and alicyclic; 
p is an integer from 2 to 3; 
with die provisos that: 

a) V, Z, W, and W are not all -H; and 

b) when Z is -R^ then at least one of V and W is not -H, or -R^; and 

2-5. 4. 

M is selected from the group that attached to PO3 » P2O6 , or P3O9 is biologically active 
in vivo, and that is attached to the phosphorus in formula I via a caifoon, oxygen, or nitrogen 
atom; 

and phannaceutically acceptable prodrugs and salts thereof. 

2. The method of claim 1 wherein M is attached to the phosphorus in formula I via 
an oxygen atom. 

3. The method of claim 2 wherein M is a nucleoside. 

4. The method of claim 3 wherein said oxygen is in aprimary hydroxyl group on a 
ribofiiranosyl or an arabinofiiranosyl groiq). 

5. The method of claim 3 wh^nein said oxygen is in a primary hydroxy group. 

6. The method of claim 5 wherein MH is selected from the group consisting of araA, 
AZT, d4T, ddl, ddA, ddC, L-ddC, L-FddC, L-d4C, L-Fd4C, 3TC, ribavirin, penciclovir. 5- 
fluoro-2'-deoxyuridine, FIAU. FIAC, BHCG, 2'R,5*S(-)-l-[2-(hydroxymethyl)oxathiolan-5- 
yl]cytosine, (-)-b-L-2%3'-dideoxycytidine, (-)-b-L-2\3'-dideoxy-5-fluorocytidine, FMAU, 
BvaraU, E-5"(2-bromovinyl)-2'-deoxyuridine, Cobucavir, TFT, S-propynyl-l-arabinosyluracil, 
CDG, DAPD, FDOC, d4C, DXG, FEAU, FLO, FLT, FTC, 5-yl-caibocyclic 2'-deoxyguanosme, 
Cytallene, Oxetanocin A, Oxetanocin G, Cyclobut A, Cyclobut G, fluorodeoxyuridine, dFdC, 
araC, bromodeoxyuridine, IDU, CdA, F-araA, 5-FdUMP, Coformycin, and 2*-deoxycoformycin. 
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7. The method of claim 3 wherein said oxygm is in a hydroxyl group on an acyclic 
sugar group. 

8. The method of claim 7 wherein MH is selected firom the group consistmg of 
5 ACV, GCV, 9-(4-hydroxy-3-hydroxymethylbut-l-yl)guanine, and (R)-9-(3,4- 

dihydroxybutyOguanine. 

9. The metiiodofclaim 3 wherein Mis a compound of formula n: 




10 wherein 

E is selected from the group consisting of alkyl, amino or halogen; 

L and J are independently selected from the group consisting of hydrogen, hydroxy, 
acyloxy, alkoxycarbonyloxy, or when taken together form a lower cyclic ring containing at least 
one oxygen; and 

15 A is selected from the group consisting of amino and lower aUcylamino; and 

phaimaceutically acceptable salts thereof. 

10. The method of claim 1 wherein M is attached to the phosphorus in formula I via a 
caifoon atom. 

20 

11. The method of claim 10 wherein M-POa^' is selected from the group consisting of 
phospohonoformic acid, and phosphonoacetic acid. 



12, 



The methods of claim 10 wherein M is a compound of formula III: 
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wherein 

A is selected fiom the group consisting of -NR*2» NHS02R\ -0R^ -SR^ halogen, lowar 

alkyU -C0N(R^2, guanidine, amidine, -H, and perfaaloalkyl; 
5 E is selected fiom the group consisting of -H, halogen, lower alkyltfaio, lower 

7 

peiiialoalkyl, lower alkyl, lower aikenyl, lower alkynyl, lower alkoxy, -CN, and -NR 2; 

X is selected from the group consisting of alkylamino, alkyl, aikenyl, alkynyl, 
alkyl(carboxyl), alkyl(hydroxy), alkyl(phosphonate), alkyl(sulfonate), aryl, alkylaminoalkyU 
alkoxyalkyl, alkylthioalkyU alkylthio, alicyclic, 1,1-dihaloalkyl, carbonylalkyl, 
10 alkylaminocaibonyl, alkylcaifoonylamino, aralkyl, and alkylaiyl, all optionally substituted; or 
together with Y forms a cyclic group including cyclic alkyl, heterocycUc, and aiyl; 

Y is selected from the group consisting of -H, alkyl, alkeayl, alkynyl, aryl, alicyclic, 
aralkyl, aryloxyalkyl, alkoxyalkyl, -C(0)R\ -S(0)2R\ -C(0)-OR^ 

-CONHR^, -NR^2. and -OR^, all except H are optionally substituted; or together with X forms a 
1 5 cyclic group mcluding aryl, cyclic alkyl, and heterocyclic; 

R^ is independently selected from the group consistmg of -H, lower alkyl, lower 
aUcyclic, lower aralkyl, and lower aiyl; 

R^ is selected from the group consisting of lower alkyl, lower aiyl, lower aralkyl, and 
lower alicycUc; 

20 R^ is independently selected from the group consisting of -H, and lower alkyl; 

R^ is mdependently selected from the group consisting of -H, lower alkyl, lower 

aUcyclic, lower aralkyl, lower aiyl, and -C(0)R^^; 

R* is independently selected from the group consisting of -H, lower alkyl, lower aralkyl. 
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lower aryU lower alicyclic, -C(0)R^^ or together they form a bidoitate alkyl; 

R*^ is selected finom the group consisting of -H, lower alkyl, -NH2, lower aryl, and Iowct 
perhaloalkyl; 

* is selected fiom the group consisting of alkyU aryl, -OH, -NH2 and 

5 -OR^ and 

phannaceuticaUy accq)table prodrugs and salts tfiereof. 

13. The method of claim 10 wherein M is a compound of formula IV: 



A 




10 wherein: 

8 7 7 

A, E, and L are selected from the group consistmg of -NR 2, -NO2, -H, -OR , -SR , 

.C(0)NR'*2, halo, -COR^ * , -S02R\ guanidine, amidine, -NHS02R^, -S02NR^2, -CN, 
sulfoxide, perhaloacyU peilialoalkyl, peihaloalkoxy, C1-C5 alkyl, C2-C5 alkenyl, C2-C5 
alkynyl, and lower alicyclic, or together A and L form a cyclic group, or togetha: L and E form 
15 a cyclic group, or together E and J form a cyclic group including aryl, cyclic alkyl, and 
heterocycUc; 

J is selected from the group consisting of -NR^2» -NO2, -H, -OR^, -SR^. -C(0)NR^2, 

halo, -C(0)R^^ , -CN, sulfonyl, sulfoxide, peihaloalkyl, hydroxyalkyl, perfaaloalkoxy, alkyl, 
haloalkyl, aminoalkyl, alkenyl, alkynyU alicyclic, aryl, and aralkyU or together with Y forms a 
20 cyclic group including aryl, cyclic alkyl and heterocyclic alkyl; 

X is selected from the group consisting of alkylamino, alkyl(hydroxy), alkyl(carboxyl), 
alkyl(phosphonate), alkyl, alkwiyl, alkynyl, alkyl(sulfonate), aryl, carbonylalkyl, 1,1- 
dihaloalkyl, alkylaminoalkyU alkoxyalkyl, alkyltfaioalkyl, alkylthio, alkylaminocarbonyl. 
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alkylcarbonylamino, alicyclic, araUcyl, and alkylaiyl» all optionally substituted; or together with 
Y fonns a cyclic group including aiyl, cyclic alkyl, and heterocyclic; 

Y is selected from the group consisting of -H, alkyl» alkenyl, alkynyU aryl, alicyclic» 
aralkyl, aryloxyalkyl, alkoxyalkyl, -CX0)R\ -S(0)2R\ -C(0)-0R\ 

-CONHR^, -NR^2> and -OR^, all excqjt -H are optionally substituted; or together with X forms a 
cyclic group including aryl, cyclic alkyl, and heterocyclic; 

R^ is independentiy selected firom the group consisting of -H, low^ alkyl, lower 
alicyclic, lower aralkyU and lower aryl; 

R^ is selected firom the group consisting of lower alkyl, Iowct aiyl, lower aralkyl, and 
lower alicyclic; 

R^ is independently selected firom the group consisting of -H» and lower alkyl; 

7 

R is independentiy selected firom the group consisting of -H, lower alkyl, lower 

alicyclic, lower aialkyl, lower aiyl, and -C(0)R^^; 

R^ is independentiy selected fipom the group consisting of -H, lower alkyl, lower aralkyl, 
lower aryl, lower alicyclic, -C(0)R'^, or together they form a bidentate alkyl; 

R^^ is selected bom the group consisting of -H, lower alkyl, -NH2, lower aiyl, and lower 
perhaloalkyl; 

R^ ^ is selected fix>m the group consisting of alkyl, aryl, -OH, -NH2 and 
-OR^; and 

pharmaceutically acceptable prodrugs and salts thereof; with the provisos that: 
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a) when X is alkyl or alkene, then A is -NR 2\ 

b) X is not alkylamine and alkylaminoalkyl when an alkyl moiety is substituted with 
phosphonic esters and acids; and 

c) A, L, E, J, Y, and X together may only fonn 0-2 cyclic groups. 

14. The method of claim 1 0 wherein MH is selected from the group consisting of 
PMEA, PMEDAP, HPMPC, HPMPA, FPMPA, and PMPA. 

15. The method of claim 1 wherein MPO^\ MPaOa^, or 1^309"^ is useful for the 
treatment of diseases of die liver or metabolic diseases where the liver is responsible for the 
overproduction of a biochemical end product 

16. The method of claim 15 wherein said disease of the Uver is selected from the 
group consisting of hepatitis, cancor, fibrosis, malaria, gallstones, and chronic cholecystalithiasis. 

17. The methods of claim 16 wherein MH, MP03^", MP2O6 \ or 1^309"^ is an 
antiviral or anticancer agent 

1 8. The method of claim 1 5 wherein said metabolic disease is selected from the group 
consisting of diabetes, atherosclerosis, and obesity. 

19. The method of claim 1 5 wherein said biochemical end product is selected from 
the group consisting of glucose, cholesterol, fatty acids, and triglycerides. 

20. The method of claim 1 9 wherein MH or MP03^~ is an AMP activated protein 
kinase activator. 

21 . The method of claim 1 wherein M -P03^* is a compound that inhibits human liver 
FBPase. 

22. The method of claim 21 wherein said compound inhibits human liver FBPase 
with an IC50 of less than 10 fiM. 
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23. The method of claim 21 wherein M is a group T-X wherein 

T is selected firom the group consisting of benzimidazole, indole, purine, and 9- 
azaindole, all of which contain at least one substituent; 

X is attached at the 2, 2, 8, and 2 positions of said T groups, re^ectively; and 
X is selected from the group consisting of allQrlamino, alkyl, alkenyl, alkynyl, 
alkyl(carboxyl), alkyl(hydroxy), allgrl(phoqphonate), a]kyl(sulfonate), aiyl, alkykminoaOcyl, 
alkoxyalkyl, alkyltfaioalkyl, alkylthio, alicyclic, 1,1-dihaloalkyl, caibonylalkyl, 
all^lammocaibonyl, alkylcaibonylamino, araU^l, and alkylaiyl, all optionally substituted. 

24. The method of claim 1 wherdn V is selected from the group consisting of aiyU 
substitued aiyl, heteroaryl, substituted heteroaiyl; or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containiag one heteroatom, that is fused to an aryl group attached at the beta and gamma position 
to Hit oxygen attached to the phosphorus or together V and W are connected via 3 pazbon atoms 
to form a cyclic group containing 6 carbon atoms mono-substituted with a substitu^ selected 
from the group consisting of hydroxyl, acyloxy, alkoxycarbonyioxy, alkylthiocarfoonyloxy and 
aryloxycarbonyloxy three atoms from an oxygen attached to the phosphorus. 

25. The method of claim 24 wherein V is selected from the group consisting of aryl, 
substitued aryl, heteroaryl, and substituted heteroaryl. 

26. The method of claim 25 wherein V is selected from the group consisiting of aryl 
and substituted aiyl. 

27. The method of claim 26 wherein V is selected from the group consisting of 
phenyl, and substituted phenyl. 

28. The method of claim 27 wherein V is 3-bromophenyl. 

29. The method of claim 25 wherein V is selected from the group consisting of 
heteroaryl and substituted heteroaryl. 
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30. The method of claim 29 wherein V is 4-pyridyl. 

31 . The method of claim 24 whmin together V and Z are connected via 3-S atoms to 
5 form a cyclic groiq), optioiudiy containing 1 heteroatom, that is fused to an aiyl group at the beta 

and gamma positions to the oxygen attached to phosphorus. 

32. The method of claim 3 1 wherein said aryl group is an optionally substituted 
monocyclic aryl group and the connection between Z and die ortho position of the aiyl group is 

10 selected from the group consisting of O, CH2, CH2CH2* OCH2 or CH2O. 

33. The method of claim 24 wherein togedier V and W are connected via 3 carbon 
atoms to form an optionally substituted cyclic group containing 6 carbon atoms and mono- 
substituted with one substituent selected finom the group consisting of hydroxy, acyloxy, 

1 5 alkoxycarbonyloxy, alkylthiocaibonyloxy, and aryloxycarbonyloxy three atoms from an oxygen 
attached to the phosphorus. 

34. The method of claim 33 wherein tog^er V and W form a cyclic group selected 
from the group consisting of -CH2-CH(OH)-CH2', -CH2CH(OCOR^)-CH2-, and 

20 -CH2CH(0C02RVCH2-. 



35. The method of claim 1 wherein Z is selected from the group consisting of 
-CHR^OH , -CHR^0C0R\ and -CHR^0C02R^ 

25 36. The method of claim 1 wherein Z is selected from the group consisting of -0R^ 

^R^ -OneNj. -R^ , -MRS. -OCOR^ -0C02R\ -SCOR\ -SC02R\ -NHC0R\ -NHC02R\ 
^H2NHaryl, -(CH2)p-OR^ and -(CH2VSR^ . 



37. The method of claim 36 whmin Z is selected from tiie group consisting of -OR , 
30 -R^ , -0C0R\ •0C02R\ -NHCOR^ .NHC02R\ -(CH2)p-OR^ and , -(CH2)p-SR^ . 



wo 99/45016 167 PCTAJS99/04908 

38. The method of claim 37 wherein Z is selected from the group consisting of-OR^ 
-H , -0C0R\ -0C02R\ and -NHCORI 

39. The method of claim 1 wherem W and W are mdependmtly selected from the 
5 group consisting ofH,R\aryU substituted aryUheteroaryl, and substituted aryL 

40. The method of claim 39 wherein W and W are the same group. 

41. The method ofclaim 40 wherein W and W are H. 



10 



42. The method of claim 1 wherein said prodrug is a compound of formula VI: 




VI 

wherein 

15 V is selected from the group consisting of aryl, substituted aiyl, heteroaryl, and 

substituted aryl. 

43. The method of claim 42 wherein M is attached to phosphorus via an oxygen or 
carbon atom. 

20 ' 

44. The method of claim 42 wherein V is selected from the group consisting of 
phenyl and substituted phenyl. 

45. The method of claim 42 wherein V is pyridyl. 

25 

46. The method of claim 1 wherein said prodrug is a compound of formula VII: 




vn 
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wherein 



Z is selected fiom the group consisting of: 
<HR^OH, -CHR^0C0R\ -CHR^0C(S)R\ -CHR^0C02R\ -CHR^0C(6)SR\ 
.CHR^0C(S)0R\ -SR^ and -CH^aryL 

47 . The method of claim 46 wherein M is attached to the phosphorus via a carbon or 
oxygen atom. 

48. The method of claim 47 wherein Z is selected fiom the group consisting of 
-CHR^OH, -CHR^0C(0)R\ and .aiR^0C02R^ 

49. The method of claim 48 wherein R^ is -H. 

50. The method of claim 1 wherein said prodrug is a compound of formula Vm: 



T is selected from the group consistmg of -OH, -0C(0)R\ -OCO2 R\ and 
-OC(0)SR^ 

D' and D" are independmtly selected fiom the group consistii^ of -H, alkyl, -OH, and 
-OC(0)R^ with the proviso that at least one of D' and D" are -H. 

51. The method of claim 1 wherein W and Z are -H, W and V are both the same aryU 
substituted aryl, heteroaryl, or substituted heteroaiyl such that the phosphonate prodrug moiety: 




vm 



wherein 



wo 99/45016 



PCr/US99/04908 




W 



has a plane of symmetry. 

52. The method of claim 1 wherein W and W are H, V is selected firom the group 
consisting of aryl, substituted aiyU heteroaryl, substituted heteroaryU and Z is selected firom the 

5 group consisting of -H, OR^ and -NHCORI 

53. The method of claim 52 wherein Z is -H. 

54. The method of claim 53 wherein said oxygen is in a primary hydroxyl group. 

10 

55. The method of claim 53 wherein V is selected from the group, consisting of 
phenyl or substituted phraiyl. 

56. The method of claim 55 wherein said oxygen is in a primary hydroxyl group. 

15 

57. The method of claim 53 wherein V is an optionally substituted monocyclic 
heteroaryl containing at least one nitrogen atom. 

58. The method of claim 57 wherein said oxygen is in a primary hydroxyl group. 

20 . 

59. The method of claim 57 wherein V is 4-pyridyl. 

60. The methods of claims 54, 56, or 58 wherein MH is selected Scorn the group 
consisting of araA, AZT, d4T, ddl, ddA, ddC, L-ddC, L-FddC, L-d4C, L-Fd4C, 3TC, ribavirin. 

25 penciclovir, 5-fluoro-2'-deoxyuridine, FIAU, FIAC, BHCG, 2'R,5'S(-)-l"[2- 
(hydroxymethyl)oxatMolan-5-yl]cytosine, (-)-b-L-2\3''dideoxycytidine, (^^^ 
5-fluorocytidine, FMAU, BvaraU, E-5-{2-bromovinyl>2'-deoxyuridine, Cobucavir, TFT, 5- 
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propynyl-l-arabinosyluraciU CDG, DAPD, FDOC, d4C, DXG, FEAU, FLG, FLT, FTC, 5-yl- 
caibocyclic 2*-deoxyguanosine, Cytallene, Oxetanodn A, Qxetanocin G, Cyclobut A, Cyclobut 
G, fluotodeoxyuridine, dFdC, araC, bromodeoxyuridine, IDU, CdA, F-ara-A, S-FdUMP, 
cofonnycin, and2'-deoxycofonnyciiL 

61 . The methods of claims 54, 56, or 58 wherein MH is selected fibm the group 
consisting of ACV, GCV, 9-(4-hydioxy-3-hydn>xymethylbut-l-yl)guanine, and (R>9-(3,4- 
dihydn}xybutyl)guanine. 

62. The methods of claims 53, 55, OR 57 whoein M is attached to the phosphorus via 
a carbon atouL 

63. The method of claim 62 wherem MPOa^' is selected fix)m the group consisting of 
phosphonoformic acid, and phosphonoacetic acid. 

64. The method of claim 62 wherein MH is selected &om the group consisting of 
PMEA, PMEDAP, HPMPC, HPMPA, FPMPA, and PMPA. 

65. The mediod of claim 60 wherein V is selected from the group consisting of 
phenyl and 4-pyridyl and MH is selected bom the group consisting of ribavirin, AZT, 
penciclovir, araA, 5-fluoro-2'*deo3cyuridine, ddl, ddA, ddC, and F-araA 

66. The methods of claims 54, 56, or 58 wherein M is selected fiom the group 
consisiting of: 




wherein 

E is selected from the group consisting of alkyl, amino or halogen; 
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L and J are indq>endently selected firom the groiq> consisting of hydrogen, hydroxy, 
acyloxy, alkoxycaibonyloxy, or when taken together form a lower cyclic ring containing at least 
one oxygen; and 

A is selected fiom &e groiq) consisting of amino and lower alkylamino; and 
5 phannaceutically accqitable prodrugs and salts thereof 

67. The methods of claims 54, 56, or 58 wherem M is selected from the gn>iq> 
consisiting of: 

III 

10 wherein 

8 3 

A is selected firom the group consisting of -NR 2. NHSO2R , 

-OR^ -SR^, halogen, lower alkyl, -CON(r\, guanidine, amidine, 
-H, and perhaloalkyl; 

E is selected torn the group consisting of -H, halogen, lower alkylfluo, lower 

7 

1 5 perhaloalkyl, lower dXkyU lower alkcnyl, lower alkynyl, Iowct alkoxy, -CN, and -NR 2; 

X is selected ftom the group consisting of alkylamino, alkyl, alkenyl, alkynyl, 
alkyl(caiboxyl), alkyl(hydroxy), alkyl(phosphonate), alkyl(sulfonate), aryl, all^laminoalkyl, 
alkoxyalkyl, alkylthioalkyl, alkylttiio, aUcyclic, 1,1-dihaloalkyl, carbonylalkyl, 
aminocarfoonylamino, alkylaminocaibonyl, alkylcarbonylamino, aralkyl, and alkylaryl, all 
20 optionally substituted; or together with Y forms a cyclic group including cyclic alkyl, 
heterocyclic, and aryl; 

Y is selected fi:om the group consisting of -H, alkyl, alkenyl, alkynyl, aryl, alicycUc, 
aralkyl, aryloxyalkyl, alkoxyalkyl, -C(0)R\ -S(0)2R\ -C(0)-0R\ 

-CONHR^, -NR^2, and -0R\ all except H are optionally substituted; or together with X forms a 
25 cyclic group including aiyl, cyclic alkyl, and heterocyclic; 
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R is independently selected from tte group consisting of -H, lower alkyl, lower 
alicyclic, lower aralkyU and lower aryl; 

is selected from the group consisting of lower alkyl, lower aiyl, lower aralkyl, and 
lower alicyclic; 

R^ is independentiy selected from the group consisting of -H, and lower alkyl; 

R^ is independently selected from the group consisting of -H, lower alkyl, lower 

alicyclic, lower aralkyl, lower aryl, and-C(0)R^^; 

R* is independently selected from the group consisting of -H, lower alkyl, lower aralkyl, 
lower aryU lower alicyclic, -C(0)R^^, or together they form a bidentate alkyl; 

R^^ is selected from the group consisting of -H, lower alkyl, -NH2, lower aryl, and lower 
perhaloalkyl; 

R^ ^ is selected from the group consisting of alkyl, aryl, -OH, -NH2 and 
-OR^; and 

pharmaceutically acceptable prodrugs and salts thereof. 

68. The methods of claims 54, 56, or 58 wherein M is a compound of formula IV: 



A, E, and L are selected from the group consisting of 

-NR*2. -NO2, -H, -or'', -SR^. -C(0)NR'^2. halo, -COR^\ -S02R^ guanidine, amidine, 

-NHSOaR^, -S02Nr\ -CN, sulfoxide, perhaloacyl, periialoalkyl, perhaloalkoxy, C1-C5 alkyl, 
C2-C5 alkaiyl, C2-C5 alkynyl, and lower alicyclic, or together A and L form a cyclic group, or 
together L and E form a cyclic groiq>, or together E and J form a cyclic gfxnxp including aryl, 
cyclic alkyl, and heterocyclic; 

g 

J is selected from the group consisting of -NR 2. -NO2, 




A 



IV 



wherein: 
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-H, -or', -Sr', -C(0)NR^2, halo, .C(0)R* ^ , -CN, sulfonyl, sulfoxide, perhaloalkyi, 
hydroxyalkyl, pw'haloalkoxy, alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl, alicyclic, aryl, and 
aralky 1, or together with Y forms a cyclic group including aryl, cycUc alkyl and heterocyclic 
alkyl; 

5 X is selected from the group consisting of alkylamino, alkyl(hydroxy), alkyl(carboxyl), 

alkyl(phosphonate), alkyl, alkenyl, alkynyl, alkyl(sulfonate), aryl, carbonylalkyl, 1,1- 
dihaloalkyl, aminocarbonylamino, alkylaminoalkyl, alkoxyalkyl, alkylthioalkyl, alkylthio, 
alkylaminocaibonyl, alkylcarbonylamino, alicyclic, aralkyl, and alkylaryl, all optionally 
substituted; or together with Y forms a cyclic group including aryl, cyclic alkyl, and 

10 heterocycUc; 

Y is selected from the group consisting of -H, alkyl, alkenyl, alkynyl, aryl, alicyclic, 
aralkyl, aryloxyalkyl, alkoxyalkyl, -C(0)R\ -S(0)2R\ -C(0)-0R\ 

-CONHR^, -NR^2> -OR^, all «cept -H are optionally substituted; or together with X forms a 
cyclic group including aryl, cyclic alkyl, and heterocyclic; 

15 R^ is independently selected from the group consisting of -H, lower alkyl, lower 

aUcyclic, lower aralkyl, and lower aryl; 

R^ is selected from the group consistmg of lower alkyl, lower aryl, lowar aralkyl, and 
lower alicyclic; 

R^ is independently selected from the group consisting of -H, and lower alkyl; 
7 

20 R is indq>endently selected from the ffoup consistmg of -H, lower alkyl, lower 

alicycUc,lowa: aralkyl, lower aryl, and-C(0)R^^; 

R^ is independmtly selected from the group consisting of -H, lower alkyU lower aralkyl, 
lower aryl, lower alicyclic, -C(0)R*®, or together they form a bidentate alkyl; 

R^^ is selected from the group consisting of -H, lower alkyl, -NH2, lower aryl, and lower 
25 p^iialoall^l; 

R^ * is selected from the group consisting of alkyl, aryl, -OH, -NH2 and 
-OR^; and 

pharmaceutically acceptable prodrugs and salts thereof; with the provisos that: 

g 

a) whenXisalkyloralkene,thenAis-NR 2; 
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b) X is not alkylamine and alkylaminoalkyl when an alkyl moiety u 
phosphonic esters and acids; and 

c) A, L, E, J, Y, and X together may only foim 0-2 cyclic groins. 

5 69. The method of claim 1 wherein said oral bioavailability is at least 5%. 

70. The method of claim 69 wherein said oral bioavailability is at least 10%. 

71. The method of claim 69 wherein said oral bioavailability is enhanced by 50% 
1 0 compared to the parent drug administered orally. 

72. The method of claim 71 \^erein said oral bioavailability is enhanced by at least 

100%. 

15 73. A method of delivering a biologically active drug to an animal for a sustained 

poiod using compounds of formula I: 




W W 
I 

wherein: 

20 V is selected firom the group consisting of -H, alkyl, aralkyl, alicyclic, aryl, substituted 

aryU heteroaryl, substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R^ or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycarbonyloxy, or 
aryloxycarbonyloxy attached to a carbon atom that is three atoms from an oxygen attached to the 

25 phosphorus; or 
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together V and Z are connected via 3-S atoms to form a cyclic group, optionally 
containing 1 heteioatom, that is fiised to an aryl group at the beta and gamma position to the 
oxygen attached to the phosphorus; or 

togeth^ V and W are connected via 3 carbon atoms to form an optionally substituted 
5 cyclic group containing 6 carbon atoms and substituted with one substituent selected from the 
group consisting of hydroxy, acyloxy, alkoxycarbonyloxy, alkylthiocarbonyloxy, and 
aryloxycarbonyloxy, attached to a carbon atom fbat is three atoms from an oxygen attached to 
the phosphorus; 

W and W are indqiCTdently selected from the group consisting of -H, alkyU arall^l, 
10 alicyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, l-alkynyl, and -R'; 
Z is selected from the group consisting of -CHR^OH , -CHR^OC(0)R^ 
.CHR^0C(S)R\ -CHR^0C(S)0R\ -CHR^0C(0)SR\ -eHR^0C02R\ OR^ , -SR^ 
-CHR'Nj, -CHaaryl, -CH(aryl)OH, .CH(CH=CRS)0H, <:H(CsCR')OH, -R^ , -NR^, 
-0C0R\ -0C02R\ -SC0R\ -SC02R\ -NHCOR^ -NHG02R\ 'CHaNHaryl, -(CH2)p-OR\ and 
15 -(CH2)p-SR^ 

R^isanR^or-H; 

R^ is selected from the group consisting of alkyl, aryl, aralkyl, and alicyclic; and 
R^ is selected from the group consisting of alkyl, aralkyl, and alicyclic; 
p is an integer from 2 to 3; 
20 with the provisos that: 

a) V, Z, W, and Ware not all -H; and 

b) when Z is -R^, then at least one of V and W is not -H, or -R^; and 

M is selected from the group that attached to Y0^\ PiOe', or V^Og' is biologically active 
in vivo, and that is attached to the phosphorus in formula I via a carbon, oxygen, or nitrogen 
25 atom; 

and pharmaceutically acceptable prodrugs and salts thereof. 

74. The method of claim 73 whereby therapeutic levels of said drug are maintained 
for at least one hour longer than the levels achieved by oral administration of the 
bispivaloyloxymethyl (bis-POM) ester. 

30 
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75. The method of claim 73 wheid>y thenq)eutic levels of said FBPase inhibitors are 
maintained for at least one hour longer after systemic administration relative to an equivalent 
molar amount of the parrat con^und administered by the same route. 

5 76. The method of claim 73 wherein MPOa^' is an FBPase inhibitor. 

77. The mediod of claim 73 wherein MH or MFOj^' is an antivural or anticancer 

agent. 

10 78. The method ofclaim 77 whraeinMH is selected fiom the group consisting of 

araA, AZT, d4T, 3TC, l-p-D-ribofuranosyl-l^,4-triazole-3-carboxamide, PMEA, ACV, 9-(4- 
hydroxy-3-hydroxymethylbut-l-yl)guanine, 5-yl-carbocyclic 2'-deoxyguanosine, dFdC, araC, F- 
ara-A» and CdA. 

15 79. A method of delivering a biologically active drug to an animal with greater 

selectivity for the liver using compounds of formula I: 




W W 



wherein: 

20 V is selected from the group consisting of -H, alkyU aralkyl, alicyclic, aryl, substituted 

aryl, heteroaryl, substituted heteroaryU 1-alkmyl, 1-alkynyl, and -R^ or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycarbonyloxy, or 
aryloxycarbonyloxy attached to a carbon atom that is three atoms fiom an oxygen attached to the 

25 phosphorus; or 
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togeth^ V and Z are connected via 3-S atoms to fom a cyclic groiq[>, optionally 
containing 1 heteroatom, that is fused to an aryl group at the beta and gamma position to the 
oxygen attached to the phosphorus; or 

together V and W are connected via 3. carbon atoms to form an optionally substituted 
5 cyclic group containing 6 caibon atoms and substituted with one substituent selected fiom the 
group consisting of hydroxy, acyloxy. alkoxycarbonyloxy» alkyltfaiocarbonyloxy, and 
aryloxycaifoonyloxy, attached to a caibon atom that is three atoms fiom an oxygen attached to 
the phosphorus; 

W and W* are independently selected fiom the group consisting of -H, allcyl, aralkyl, 
1 0 alicyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R'; 

Z is selected fiom the group consisting of -CHR^OH , -CHR^0C(0)R\ 
-CHR^0C(S)R\ -CHR^0C(S)0R\ -CHR^0C(0)SR\ -CHR^0C02R\ -OR^ , -SR^ 
-CHR^Nj, -CHjaryl, -CH(aryl)OH, .CH(CH=CR^2)0H, -CH(CMai^)OH, -R^ , -NR^, 
-0C0R\ -0C02R\ -SC0R\ -SC02R\ -^IHCOR^ -NHC02R\ -CHzNHaiyl, -(CH2)p-0R^ and 

15 -(CHiVSR^ 

R^isanR^or-H; 

R^ is selected fiom the group consisting of alkyl, aryl, aralkyl, and alicyclic; and 
R^ is selected from the group consisting of alkyl, aralkyl, and alicyclic; 
p is an integer fiom 2 to 3; 
20 witii the provisos that: 

a) V,Z,W,andW'arenotaU-H;and 

b) when Z is -R^, then at least one of V and W is not -H, or -R^; and 

M is selected fiom the group that attached to fO^\ fiOe^'. or PjOg^ is biologically active 
in VIVO, and that is attached to the phosphorus in formula I via a caibon, oxygen, or nitrogen 
25 atom; 

and pharmaceutically acceptable prodrugs and salts thereof. 



30 



80. The method of claim 79 whereby the ratio of a parent drug or a drug metabolite 
concentration in the liver over a parent drug or a drug metabolite concentration in the plasma is 
two times greater compared to administration of a parent drug. 
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81 . The method of claim 80 wherein the liver specificity hasMMlMMlatfvTttf 
administration of M-P03=. 

' 82. . The method of claim 79 wherein said biologically active drug is a triphosphate 
5 generated in the liver. 

83. The method of claim 82 wherein MH is selected fix>m the group consisting of 
araA, AZT, d4T, 3TC, l-P-D-ribofaranosyl-l A4-triazole-3-carboxamide, ACV, 9-(4-hydioxy- 
3-hydroxymethyIbut-l-yl)guanine, S-yl-caibocyclic 2'*^eoxyguanosine, dFdC, araC, F-ara-A, 

10 andCdA. 

84. The method of claim 79 wherein the active drug is MP03^^ 

85. The method of claim 84 wherein the drug is selected from the group consisting of 
1 5 FdUMP» S-Bromo-(1 -P-D-ribofuranosyl)imidazole-4-caiboxamide-S'*monophosphate, 6-'Amino- 

9-neopenty l-8-(2-phosphonofuranyl)purine, 6-Chloro- 1 -isobutyl-2-(2-phosphono-5- 
furanyl)benzimidazole, and 4-Amino-7-ethyl-5-fluoro-l-isobutyl-2-(2-phosphono-5- 
furanyl)benzimidazole. , 

20 86. The method of claim 79 wherein the active drug is MP309^ and M is attached via 

C. 

87. The method of claim 86 wherein the drug is selected from the group consisting of 
PMEA, PMEADAP, HPMPS, HPMPA, FPMPA. PMPA, phosphonoformic acid, and 

25 phosphonoacetic acid. 

88. A method of increasing the therapeutic index of a drug by administering to an 
animal compounds of formula I: 




W W 
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I 

wherein: 

V is selected from the group consisting of -H» alkyl, aralkyl, alicyclic, aryl, substituted 
5 aryl, heteroaryl, substituted heteroaiyl, 1-alkenyl, 1-alkynyl, and -R^; or 

together V and Z are connected via 3-S atoms to form a cycUc group, optionally 
containing 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycaibonylo^» or 
aryloxycarbonyloxy attached to a caibon atom that is three atoms from an oxygen attached to the 
phosphorus; or 

1 0 together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 

containing 1 heteroatom, that is fused to an aiyl group at the beta and gamma position to the 

oxygen attached to the phosphorus; or 

together V and W are connected via 3 carbon atoms to form an optionally substituted 

cyclic group containing 6 carbon atoms and substituted with one substituent selected from the 
1 5 group consisting of hydroxy, acyloxy, alkoxycaibonyloxy, alkylthiocaibonyloxy, and 

aryloxycarbonyloxy, attached to a carbon atom that is three atoms from an oxygen attached to 

the phosphorus; 

W and are indq>endently selected from the group consisting of -H, alkyl, arall^l, 
alicyclic, aiyl, substituted aiyl, heterpaiyl, substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R^; 
20 Z is selected from the group consisting of -CJIR^OH , -CHR^0C(0)R\ 

.CHR^0C(S)R\ -CHR^OC(S)OR^ -CHR^0CX0)SR\ -CHR^0C02R\ -OR^ , -SR\ 
-CHR%, -CH2aryl, -CH(aryl)OH, .CH(CH=CR^)OH, -CH(feCR^)OH, -R^ , -NR^z. 
.0C0R\ -0C02R^ -SCOR^ -SC02R^ -NHC0R\ -NHC02R^ -CHaNHaryl, .(CH2)p-0R^ and 
.(CH2)p-SR^ 
25 RMsanR^or-H; 

R^ is selected from the group consisting of alkyl, aryl, aralkyl, and alicyclic; and 
R^ is selected from the group consisting of alkyl, aralkyl, and alicyclic; 
p is an integer from 2 to 3; 
with the provisos that: 
30 a) V,Z,W,andW'arenotall.H;ahd 

b) when Z is -R^, thra at least one of V and W is not -H, or -R*; and 



SUBSTITUTE SHEET (RULE 26) 



wo 99/45016 



PCTAJS99/04908 



M is selected &om the group that attached to PO3 \ fiOe^', or P^Og' is biologically active 
in VIVO, and that is attached to the phosphorus in foimula I via a caibon, oxygen, or nitrogen 
atom; 

and phannaceutically acceptable prodrugs and salts thereof. 

5 

89. The method of claim 88 wherein extrahepatic toxicity is reduced. 

90. The method of claim 89 wherein M-POa^' is excreted by the kidney. 

10 91 . The method of claim 89 wherein the M is selected ftom the group consisting of 

PMEA, PMEADAP, HPMPS, HPMPA, FPMPA, and PMPA. 

92. The method of claim 89 wherein the gastrointestiiial toxicity is reduced. 

15 93. The method of claim 89 wherein central or peripheral nervous system toxicity is 

reduced. 

94. A method of bypassing drug resistance by administering to an animal compounds 




of formula I: 

20 

I 

wherein: 

V is selected from the group consisting of -H, alkyl, aralkyl, alicycKc, aryl, substituted 
aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R^; or 
25 together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 

containing 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycaibonyloxy, or 
aryloxycarbonyloxy attached to a carbon atom that is three atoms from an oxygen attached to the 
phosphorus; or 
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together V and Z are connected via 3-S atoms to form a cyclic group, optionally 
containing 1 heteroatom, that is fiised to an aryl group at the beta and gamma position to the 
oxygen attached to the phosphorus; or 

together V and W are connected via 3 carbon atoms to form an optionally substituted 
5 cyclic group containing 6 carbon atoms and substituted with one substituent selected from the 
groiq) consisting of hydroxy, acyloxy, alkoxycaifoonyloxy, aU^ldiiocarbonyloxy, and 
aiyloxycaibonyloxy, attached to a carbon atom tfiat is three atoms firom an oxygen attached to 
the pho^horus; 

W and W are independently selected finom the groiq> consisting of -H, all^l, aralkyl, 
1 0 alicyclic, aryl, substituted aryl, heteroaiyl, substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R^; 
Z is selected finom the group consisting of -<3HR^0H , -CHR^0C(0)R\ 
-CHR^0C(S)R\ -CHR^OC(S)OR^ .CHR^0C(0)SR\ -CHR^0C02R^ -OR^ , -SR\ 
-CHR^Na, -CHzaryl, .CH(aryl)OH, -CH(CH=CR^)OH, -CH(C=CR^)OH, -R^ , -NR^2, 
-0C0R\ -0C02R\ -SC0R\ -SC02R\ -NHCOR^ -NHC02R\ -CHiNHaryl, -(CH2)p-0R^ and 
15 -(CH2)p-SR^ 

RMsanR^or-H; 

R^ is selected firom the group consisting of alkyi, aryl, aralkyl, and alicyclic; and 
R^ is selected fix>m the group consisting of alkyl, aralkyl, and alicyclic; 
p is an integer from 2 to 3; 
20 witti the provisos that: 

a) V,Z,W,andW'arenotall-H;and 

b) when Z is -R^ then at least one of V and W is not -H, or «R^; and 

M is selected fix)m the group that attached to P03^ , P206^\ or f^Og^ is biologically active 
in Wvo, and that is attached to the phosphorus in formula I via a carbon, oxygen, or nitrogen 
25 atom; 

and pharmaceutically acceptable prodrugs and salts thereof 

95 . The method of claim 94 wherein said resisUince arises from decreased cellular 
production of M-PO3'. 

30 

96. The method of claim 94 wherein said compound is an anticancer or antiviral 

agent. 
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97. The method of claim 96 wherein M is S-fluoio-2*-deoxyuridine and said agent is 
5-FU, (5-fluoro-2'-deoxyuridine), or S-fluoiouridine. 

5 98. The method of claim 96 wherein said resistance is to an antiviral agent selected 

fiom the group consisting of araA, AZT, d4T, 3TC, l-b-D-ribofiiranosyH^,4-tria2ole-3- 
caiboxamide, ACV, 9-(4-hydroxy-3-hydroxymetfaylbut-l-yl)guanine, and S-yl-caibocyclic 2*- 
deoxyguanosine. 

10 99. The method of claim 96 wherein the resistance or lack of antihepatitis activity is 

due to a deficiency in thymidine kinase and said antiviral agent is selected fix>m the group 
consisting of AZT, d4T, ACV. 

100. The method of claim 96 wh^in said anticancer agent is selected finom the groiq) 
1 5 consisting of dFdC, araC, F-araA, and CdA. 

101 . A method of treating cancer by administering to an animal a compound of 
formula I: 




20 I 

wherein: 

V is selected fix>m the group consisting of -H» alkyl, aralkyl, alicyclic, aryl, substituted 
aryl, heteroaryU substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R^ or 

together V and Z are connected via 3-S atoms to form a cyclic groiq), optionally 
25 containing 1 heteroatom, substituted witii hydroxy, acyloxy, alkoxycarbonyloxy, or 

aryloxycaibonyloxy attached to a caibon atom that is three atoms from an oxygen attached to the 
phosphorus; or 
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together V and Z are connected via 3-5 atoms to fonn a cyclic group, optionally 
containing 1 het^atom, that is fused to an aiyl group at the beta and gamma position to the 
oxygen attached to the phosphorus; or 

together V and W are connected via 3 carbon atoms to form an optionally substituted 
5 cyclic group containing 6 carbon atoms and substituted with one substituent selected from the 
group consisting of hydroxy, acyloxy, alkoxycarbonyloxy, alkyltfaiocarbonyloxy, and 
aryloxycaibonyloxy, attached to a carbon atom that is three atoms from an oxygen attached to 
the phosphorus; 

W and W are independently selected from the groi^ consisting of -H, alkyl, aralkyU 
1 0 alicyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl, l-alkoiyl, 1-alkynyl, and -R^; 
Z is selected from the group consisting of -CHR^OH , -CHR^0C(0)R\ 
-CHR^0C(S)R\ -CHR^OC(S)OR^ -CHR^OC(0)SR^ -CHR^0C02R\ -OR^ , -SR\ 
-CHR^Nj. -CHzaryl, .CH(aryl)OH, -CH(CH=CR^2)0H, -CH(CM:R^)0H, -R^ , -NR^z, 
-0C0R\ -0C02R^ •SCOR^ -SC02R\ -NHC0R\ -NHC02R\ -CH2NHaryl, -(CH2)p-0R^ and 
15 -(CHzVSR^ 

R^ is an R^ or -H; 

R^ is selected from the gjcoxsp consisting of alkyl, aryl, aralkyl, and alicyclic; and 
R^ is selected from the group consisting of alkyl, aralkyl, and alicyclic; 
p is an integer from 2 to 3; 
20 with the provisos that: 

a) V,Z,W,andW'ai«notall-H;and 

b) >^enZis-R^thenatleastoneofVand Wisnot-H,or-R^;and 

M is selected from the group that attached to P0^\ PaOe"*', or PsOp^ is biologically active 
in vivo, and that is attached to the phosphorus in formula I via a carbon, oxygen, or nitrogen 
25 atom; 

and pharmaceutically acceptable prodrugs and salts thereof. 
102. The method of claim 101 whopein the active drug is the triphosphate of M-H. 
30 103. The method of claim 101 wherein the active drug is the monophosphate of M-H. 
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104. The method of claim 101 wherein said prodrug is administered to patients 
resistant to the parent drug. 

105. The method of claim 101 wherein MH is selected from the group consisting of 
dFdC, araC, F-araA, and CdA. 

106. A method of treating viral infections by administering to an animal a compound 
of formula I: , 




I 

wherein: 

V is selected from the group consisting of -H» alkyl, aralkyl, aUcyclic, aryl, substituted 
aiyl, heteroaryl, substituted heteroaiyl, 1-alkenyl, 1-alkynyl, and -R^ or 

together V and Z are connected via 3*5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycaibonyloxy, or 
aryloxycarbonyloxy attached to a carbon atom that is three atoms from an axygesa attached to the 
phosphorus; or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containing 1 hetm>atom, that is fused to an aryl group at the beta and gamma position to the 
oxygen attached to the phosphorus; or 

together V and W are connected via 3 caibon atoms to form an optionally substituted 
cyclic group containing 6 carbon atoms and substituted with one substituent selected from the 
group consisting of hydroxy, acyloxy, alkoxycarbonyloxy, allcylfhiocaifoonyloxy, and 
aryloxycaibonyloxy, attached to a carbon atom that is three atoms from an oxygen attached to 
the phosphorus; 
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W and W are indq>endently selected fit)m the group consisting of -H, alkyl, aralkyl, 
alicyclic, aryl, substituted aryl, heteioaiyU substituted heteroaryl, 1-alkenyl, 1-alkynyU and «R^; 

Z is selected from the group consisting of -CHR^OH , -CHR^0C(0)R\ 
-CHR^OC(S)R^ -CHR^OC(S)OR^ .CHR^0C(0)SR\ -CHR^0CQ2R\ -OR^ , •SR^ 
5 -CHR^Na, -CHaaiyl, -CH(aiyl)OH, -CH(CH==CR^2)OH, .CH(C=CR^)OH, -R^ , -NR^2, 

^COR^ -0C02R^ -SC0R\ -SC02R\ -^IHCOR^ -NHC02R\ -CHiNHaiyl, -{CHih-OR^ and 

<CH2VSR'; 

RMsanR^or-H; 

R^ is selected firom the group consisting of alkyl, aiyl, arall^l, and alicyclic; and 
10 R' is selected from the group consisting of alkyl» aralkyl, and alicyclic; 

p is an integer fiom 2 to 3; 
with the provisos that: 

a) V,Z,W,andW'arenotall-H;and 

b) when Z is -R^, then at least one of V and W is not -H, or -R^ ; and 

15 M is selected firom the group that attached to PO3 , P2O6 , or P3O9 is biologically active 

in vivoy and that is attached to the phosphorus in formula I via a carbon, oxygen, or nitrogen 
atom; 

and pharmaceutically acceptable prodrugs and salts thereof. 

20 107. The method of claim 106 wherein said viral infection is hepatitis. 

1 08 . The method of claim 1 07 wherein MH is selected fi-om the group consisting of 
AZT,d4T,andACV. 

25 109. The method of claim 107 wherein said prodrug is administered to patients 

resistant to the parent drug. 

1 10. The method of claim 107 wherein said hepatitis is hepatitis B. 

30 111. The methods of claim 1 06 wherein viral kinases produce [ 
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1 12. The method of claim 111 wherein said viral infection is hepatitis and said viral 
kinases are kinases tcom viruses other than the hq)atitis viruses. 

1 13. The method of claim 106 wherein the active drug is the triphosphate of M-H. 

114. A method of treating liver fibrosis by administCTng to an animal a compound of 
formula I: 




I 

10 wherein: 

V is selected from the group consisting of -H, alkyl, aralkyl, alicyclic, aiyl, substituted 
aryl, heteroaryl, substituted heteroaryl, l-alkenyU 1-alkynyl, and -R^; or 

together V and Z are coimected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycaibonyloxy, or 
1 5 aryloxycaibonyloxy attached to a carbon atom that is tiiree atoms &om an oxygen attached to the 
phosphorus; or 

together V and Z are coimected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, that is fused to an aryl group at the beta and gamma position to the 
oxygen attached to the phosphorus; or 
20 together V and W are connected via 3 carbon atoms to form an optionally substituted 

cyclic group containing 6 carbon atoms and substituted with one substituent selected from the 
group consisting of hydroxy, acyloxy, alkoxycarbonyloxy, alkylthiocarbonyloxy, and 
aryloxycaibonyloxy, attached to a carbon atom that is three atoms from an oxygen attached to 
the phosphorus; 

25 W and W are independently selected from the group consisting of -H, alkyl, araUcyl, 

alicyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R^; 
Z is selected from tiie group consisting of -CHR^OH , -CHR^0C(0)R\ 
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-chr'oc(S)r\ -chr^oc(S)or\ -chr^oc(0)sr\ -chr'oco2R\ -or' , .SR^ 

-CHR'N3, -CHjaryl, -CH(aryl)OH, -CH(CH=CR22)0H, -CH(CsCR^)OH, -R' . -NR^j, 
-0C0R\ -0C02R\ -SC0R\ -SC02R\ -NHCOR^ -NHC02R^ -CHaNHaryl, -(CH2)p-OR^ and 
KCH2)p-SR'; 

RMsanR^or-H; 

R^ is selected from the groiq) consisting of alkyl, aiyl, aralkyl^ and alicyclic; and 
R^ is selected fix>m the gioiq> consisting of alkyl, aralkyl, and alicyclic; 
p is an integer firom 2 to 3; 
with the provisos that: 

a) V, Z, W, and W are not all -H; and 

b) when Z is -R^, then at least one of V and W is not -H, or -R^; and 

M is selected from the group that attached to ?0^\ fiO^^ or 1*309^ is biologically active 
in viw, and that is attached to the phosphorus in fomiula I via a caibon, oxygen, or nitrogen 
atom; 

and pharmaceutically acceptable prodrugs and salts thereof. 

1 15. A method of treating hyperUpidemia by administering to an animal a conq>ound 
of formula I: 




I 

wherein: 

V is selected from the group consisting of -H, alkyl, aralkyl, alicyclic, aiyl, substituted 
aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R^; or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycarbonyloxy, or 
aryloxycarbonyloxy attached to a carbon atom that is three atoms from an oxygen attached to the 
phosphorus; or 



SUBSTITUTE SHEET (RULE 26) 



wo 99/45016 188 PCT/US99/a4908 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, that is fiised to an aryl group at the beta and gamma position to the 
oxygen attached to the phosphorus; or 

together V and W are connected via 3 carbon atoms to fonn an optionally substituted 
5 cyclic group containing 6 carbon atoms and substituted with one substituent selected finom (he 
group consisting of hydroxy, acyloxy, alkoxycaibonyloxy, alkyltfaiocarbonyloxy, and 
aryloxycarbonyloxy, attached to a carbon atom that is three atoms from an oxygen attached to 
the phosphorus; 

W and W* are indq)endently selected from the group consisting of -H, alkyl, aralkyl, 
10 alicyclic, aiyl, substituted aryl, heteroaryl, substituted heteroaryl, 1-aIkenyl, 1-alkynyl, and 
Z is selected from the group consisting of -CHR^OH , -CHR^0C(0)R\ 
-CHR^0C(S)R\ -CHR^OC(SPR\ -CHR^OC(0)SR^ -CHR^0C02R\ -OR^ , -SR^ 
-CHR%, -CH2aiyl, .CH(aryl)OH, .CH{CH=CR^)OH, -CH(C^R^)OH. -R^ , -NR^, 
.OCOR^ -0C02R^ -SC0R\ -SC02R\ -NHC0R\ -NHC02R^ -CH2NHaryl, ^CH2)p-0R^ and 
15 KCH2)p-SR^ 

R^isanR^or-H; 

R^ is selected from the groiq> consisting of alkyl, aryl, aralkyl, and alic^clic; and 
R^ is selected from the groiq> consisting of alkyl, aralkyl, and alicyclic; 
p is an integer from 2 to 3 ; 
20 with the provisos ihat: 

a) V, Z, W, and W* are not all -H; and 

b) whra Z is -R^ tiiien at least one of V and W is not -H, or -R^; and 

M is selected from the group that attached to P03^ , ^lO^^ y or is biologically active 
in vrvo, and that is attached to the phosphorus in formula I via a carbon, oxygen, or nitrogen 
25 atom; 

and phannaceuticaUy acceptable prodrugs and salts thereof. 

116. The method of claim 115 wherein the hyperlipidemia agent is a squalene synthase 
inhibitor. 

30 
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1 1 7. The method of claun 116 wherein said squalene synthase inhibitor is selected 
from the group consisting of l-hydroxy-3-(methylpentylamino)-propylidene-l,l-bisphosphonic 
acid, BMS 187745 and analogs thereof 

5 118. A method oftreating parasitic infections by administering to an animal a 

compound of formula I: 




I 

whoDein: 

10 V is selected from the group consisting of -H» alkyl» aralkyl, alicyclic, aryl, substituted 

aryl, heteroaryU substituted heteroaryl, 1-aIkenyl, 1-alkynyl, and -R^; or 

together V and Z are connected via 3-S atoms to form a cyclic group, optionally 
containing 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycaibonyloxy, or 
aryloxycaibonyloxy attached to a caibon atom that is three atoms from an oxygen attached to the 
15 phosphorus; or 

together V and Z are connected via 3-S atoms to fomi a cyclic group, optionally 
containing 1 h^eroatom, thai is fiised to an aiyl groiq> at the beta and gamma position to the 
oxygen attached to the phosphorus; or 

together V and W are connected via 3 carbon atoms to form an optionally substituted 
20 cyclic group containing 6 caibon atoms and substituted with one substituent selected from tibe 
group consisting of hydroxy, acyloxy, alkoxycaibonyloxy, alkylthiocaibonyloxy, and 
aryloxycaibonyloxy, attached to a caibon atom that is fbiee atoms from an oxygen attached to 
the phosphorus; 

W and W are ind^endently selected from the group consisting of -H, allcyl, aralkyl, 
25 alicyclic, aiyl, substituted aiyl, heteroaiyl, substituted heteroaiyl, 1-alkenyl, l-alkynyl, and -R^; 
Z is selected from the group consisting of -CHR^OH , -CHR^0C(0)R\ 
-CHR^OC(S)R^ .CHR^OC(S)OR^ .CHR^0C(0)SR\ .CHR^0C02R^ -OR^ , -SR^ 
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-CHRH, -CHaaryl, -CH(aiyl)OH, -CH(CH=CR^)OH, .CH(CsCR^)OH, -R^ , -NR^, 

-0C0R\ -0CQ2R\ -SCOR^ -SC02R\ -NHCX)R', -NHC02R^ -CHzNHaiyl, ^CH2)p-OR^ and 

-(CH2VSR'; 

R^isanR^or-H; 

R^ is selected finom die group consisting of alkyl, aiyl, aralkyl, and alicyclic; and 
R' is selected fiom the groiqi consisting of alkyl, aralkyU and alicyclic; 
p is an integer fiom 2 to 3; 
with the provisos that: 

a) V, Z, W, and W are not all -H; and 

b) when Z is -R^ thai at least one ofV and Wis not -H, or -R^; and 

M is selected fiom the group that attached to PO3 , P2O6 , or P3O9 is biologically active 
in vzva, and that is attached to the phosphorus in formula I via a carbon, oxygen, or nitrogen 
atom; 

and phaimaceutically acceptable prodrugs and salts thereof 

119, A method of delivering diagnostic imaging agents to the liver comprising 
administration to an animal of compound of formula I: 



V is selected &om the group consisting of -H, alkyl, aralkyl, alicyclic, aryl, substituted 
aryU heteroaryl, substituted heteroaiyl, 1-alkenyl, 1-alkynyl, and -R^ or 

together V and Z are cormected via 3-5 atoms to form a cyclic groiq), optionally 
containing 1 heterbatom, substituted with hydroxy, acyloxy, alkoxycarbonyloxy, or 
aryloxycarbonyloxy attached to a carbon atom that is three atoms fiom an oxygen attached to the 
phosphorus; or 




W W 
I 



wherein: 
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together V and Z are connected via 3-5 atoms to form a cyclic group» optionally 
containing 1 heteroatom, that is fused to an aryl group at the beta and gamma position to the 
oxygen attached to the phosphorus; or 

together V and W are connected via 3 caibon atoms to form an optionally substituted 
5 cyclic group containing 6 caibon atoms and substituted with one substituent selected from the 
group consisting of hydroxy, acyloxy, alkoxycarbonyloxy, alkylthiocaibonyloxy, and 
aryloxycaibonyloxy, attached to a carbon atom that is three atoms from an oxygen attached to 
the phosphorus; 

W and W* are independently selected from the group consisting of -H, alkyl, aralkyl, 
1 0 alicyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R^; 
Z is selected from the group consisting of -CHR^OH , -CHR^OC(0)R^, 
<m^OC(S)R\ •CHR^OC(S)OR^ -CHR^0C(0)SR\ -CHR^0C02R\ -0R^ -SR^ 
-CHRH, -CHsaryl, -CH(aryl)OH, -CH(CH=CR^)OH, -CH(feCR^)OH, -R^ , -NR^, 
-OCOR^ -0C02R\ -SC0R\ -SC02R^ -NHC0R\ -^IHC02R^ -CH2NHaryl, -(CH2VOR-, and 
15 -(CHjVSR^ 

R^isanR^or-H; 

R^ is selected finom the group consisting of alkyl, aryl, aralkyl, and alicyclic; and 
R^ is selected from fte group consisting of alkyl, aralkyl, and alicyclic; 
p is an integer from 2 to 3; 
20 with the provisos that: 

a) V, Z, W, and W are not all -H; and 

b) when Z is -R^ then at least one of V and W is not -H, or -R^; and 

M is selected from the group that attached to PO3 , P206^', or PaOg"^ is biologically active 
in VIVO, and that is attached to the phosphorus in formula I via a caibon, oxygen, or nitrogen 
25 atom; ^ 

and pharmaceutically acceptable prodrugs and salts thereof. 

1 20. A method of making a prodrug of a compoxmd drug having a -POa^" moiety 
comprising, 

30 a) transforming said phosph(on)ate into a compound of formula I: 
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w w 
I 

wherein: 

V is selected from the group consisting of -H, alkyl, aralkyl, alicyclic, aiyl, substituted 
5 aryl, heteroaryl, substituted heteroaiyl, 1-alkenyl, 1-alkynyl, and -R^ or 

together V and Z are connected via 3-5 atoms to fonn a cyclic group, optionally 
containing 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycarbonyloxy, or 
aiyloxycaifoonyloxy attached to a caibon atom that is three atoms from an oxygen attached to the 
phosphorus; or 

1 0 together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 

containing 1 heteroatom, that is fused to an aryl group at the beta and ganmia position to tiie 

oxygen attached to the phosphorus; or 

together V and W are connected via 3 caibon atoms to form an optionally substituted 

cyclic group containing 6 carbon atoms and substituted with one substituent selected from the 
1 5 group consisting of hydroxy, acyloxy, alkoxycaifoonyloxy, alkylthiocaibonyloxy, and 

aryloxycarbonyloxy, attached to a caibon atom fbat is three atoms from an oxygen attached to 

the phosphorus; 

W and W are independently selected from the groiq> consisting of -H, alkyl, aralkyl, 
alicyclic, aiyl, substituted aryU heteroaryU substituted hetooaiyl, 1-alkenyl, 1-alkynyl, and -R^; 
20 Z is selected from the group consisting of -CHR^OH , -CHR^OC(0)R^ 

-CHR^OC(S)R^ -CHR^0C(S)0R\ -CHR^0C(0)SR\ -CHR^0C02R\ -OR^ , -SR^ 
-CHR^Na, -CHzaryl, -CH(aryl)OH, -CH(CH=CR^)OH, -CH(CM:R^)0H, -R^ , -NR^, 
-0C0R\ -0C02R\ -SC0R\ -SC02R\ -NHCOR^ -NHC02R\ -CHaNHaryl, -(CH2)p-OR^ and 
-(CH2)p-SR^ 
25 R^isanR^or-H; 

R^ is selected from the group consisting of alkyl, aryl, aralkyl, and alicyclic; and 
R^ is selected from the group consisting of alkyl, aralkyl, and alicyclic; 
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p is an integer from 2 to 3; 
with the provisos that: 

a) V,Z,W,andWarenotaU-H;and 

b) when Z is -R^ then at least one of V and W is not -H, or -R^; and 

5 M is selected from the group that attached to PO3 ,P206 '.orPjOp is biologically active 

in vivo, and that is attached to the phosphorus in formula I via a caibon, H, oxygen, atom; 
and pharmaceutically acceptable prodrugs and salts thereof. 

121. The method of claim 120 further comprising, 
10 a) converting M-POa^* to a compound M-P(0)L' 2 wherein L" is a leaving groiQ) 

selected from the group consisting of halogen; and 

b) reacting M-P(0)U'2 with HO-CH(V)CH(Z)CH(Z)-CW(W')-OH. 



122. The method of claim 121 wherein HO-CH(V)CH(Z)-CW(W')-OH is chiral. 
15 ^ ji If) 

123. The method of claim 122 fiirther comprising isolating a single diastereomer. 



25 



124. The method of claim 120 wherein 

a) converting a hydroxyl or amino to a phosph(oramid)ite by reaction with L-P(- 
20 OCH(V)CH(Z)-CW(W)0-) wherein L selected from the group consisting of NR^, and halogen; 

b) traiisforniing said phosph(oramid)ite into a compound of formula I by reaction 
with an oxidi2ing agent 



125. The method of claim 124 wherein L-P(.OCH(V)CH(Z).CW(W*)0-) is chiral. 

126. The method of claim 125 wherein the chiral phosph(oramid)ite is generated using 
a chiral diol. 



127. The method of claim 124 wherein said oxidizing agent produces a mayor 
30 stereoisomer at the phosphorus in a ratio of at least 3:1. 
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128. The method of making a prodrug of fonnula I comprising converting a hydroxyl 
or an amino to a phosphate or phosphoramidate, respectively, by reaction with L*-P(OX- 
OCH(V)CH(Z)-CW(W')0-) wherein L' is a leaving group selected fiom the group consisting of 
-NR2, aryloxy, and halogen. 

5 

129. The method of claun 128 wherem L'-P(0)(-OCH(V)CH(Z).CW(W)0-) is a 
single stereoisomer. 

130. The method of claim 129 wherein said stereoisomer is generated using a chind 

10 diol. 

131. A compound, 

R'2N-P-(-0CH(V)CH(Z)-CW(W')0-) 
wherein: 

15 V is selected from the group consisting of -H, alkyl, aralkyl, alicyclic, aryl, substituted 

aryl, heteroaiyl, substituted heteroaiyl, 1-alkenyl, 1-aliynyl, and -R^ or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycaifoonyloxy, or 
aryloxycaibonyloxy attached to a carbon atom that is three atoms fiom an oxygen attached to the 
20 phosphorus; or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, that is fused to an aiyl group at the beta aiid gamma position to the 
oxygen attached to the phosphorus; or 

together V and W are connected via 3 carbon atoms to form a cyclic group containing 6 
25 carbon atoms substituted with hydroxy, acyloxy, alkoxycaibonyloxy, alkylthiocaibOTyloxy, and 
aryloxycaibonyloxy attached to a carbon atom that is three atoms fiom an oxygen attached to the 
phosphorus; 

W and W are independently selected fiom the group consisting of -H, alkyl, aralkyl, 
alicyclic, aryl, substituted aiyl, h^oroaiyl, substituted heteroaryl, l-alkmyl, 1-alkynyl, and -R^; 
30 Z is selected from the group consisting of -CHR^OH , -CHR^OC(0)R^, 

-CHR^OC(S)R^ -CHR^OC(S)OR^ -CHR2CX:(0)SR^ .CHR^0C02R\ -OR^ , -SR^ 
-CHRW2, -CH2aryl, .CH(aryl)OH, -CH(CH=CR^)OH, -CH(feCR')OH, -R^ , -NR^j. 
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-OCOR^ -0C02R^ -SC0R\ -SC02R^ -NHCOR^ -NHC02R^ -CH2NHaiy][, KCH2)p-OR^ and 

KCH2VSR'; 

R^isanR^or-H; 

R^ is selected from the groiq) consisting of alkyl, aiyl, aralkyl, and alicyclic; and 
R^ is selected from the group consisting of alkyl, aralkyl, and alicyclic; 
p is an integer from 2 to 3; 
with the provisos that: 

a) V,Z,W,andW'arenotall-H;and 

b) whenZis-R\thenatleastoneofVand Wisnot-H, alkyl, or-R^;and 
each R* is independently selected from the group consisting of alkyl, aiyl, and aralkyl or 

together R' and R' form a cyclic group, optionally containing a heteroatom; 
with the proviso that R' is not methyl. 

132. A compound R'2N-P(0)(-0CH(V)CH(Z)-CW(W)0-) 
15 wherein: 

V is selected from ihe group consisting of -H, alkyl, arall^l, alicyclic, aryl, substituted 
aryl, heteroaryU substituted het^oaryU 1-alkenyl, 1-alkynyl, and -R^ or 

together V and Z are connected via 3-S atoms to form a cyclic group, optionally 
containing 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycaibonyloxy, or 
20 aryloxycaibonyloxy attached to a carbon atom that is three atoms from an oxygen attached to the 
pho^horus;or 

together V and Z are coimected via 3-S atoms to form a cyclic group, optionally 
containing 1 heteroatom, that is fiised to an aryl group at the beta and gamma position to the 
oxygen attached to the phosphorus; or 
25 together V and W are connected via 3 carbon atoms to form a cyclic group containing 6 

carbon atoms substituted with hydroxy, acyloxy, alkoxycarbonyloxy, alkylthiocarbonyloxy, and 
aryloTc/carbonyloxy attached to a carbon atom that i s tiuree atoms frona an oxygen attached to the 
phosphorus; 

W and W* are indqsendently selected from the groiq) coiisistmg of -H, al^ 
30 alicyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R^; 
Z is selected from the groiqi consisting of --CHR^OH , -CHR^OC(0)R^, 
-CHR^OC(S)R^ -CHR^0C(S)0R\ -CHR^0C(0)SR\ -CHR^0C02R\ -OR^ , -SR^ 
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-CH2aryl, .CH(aiyl)OH, -CH(CH==CR^)OH, -CH(OCR2)OH, -R^ , -NR^a, 

•OCOR^ -0C02R\ -SC0R\ -SC02R\ -NHCOR^ -NHCQ2R\ .CH2NHaiyl, •<CH2)p-0R^ and 

-(CH2VSR^ 

R^isanR-'or-H; 

5 R^ is selected from the group consisting of alkyl» aiyl, aralkyl, and alicyclic; and 

R^ is selected from the groiq) consisting of all^l, aralkyU and alicyclic; 
p is an integer from 2 to 3; 
with the provisos fliat: 
a) V. Z, W, and W are not all -H; and 
10 b) whenZis-R^thalatleastoneofVand Wisnot-H,alkyl, or-R^;and 

each R^ is indq)endently selected firpm the group consisting of alkyl, aryl, and aralkyl; 
or together R' and R' form a cyclic group, optionally containing a heteroatom; 
with the proviso that both R' groups are not benzyl or ethyl at the same time. 

1 5 . 133. A method of delivering a compound to hepatocytes wherein said compound has a 

moiety selected from the groiq) consisting of phosph(on)ate comprising: 
a) converting said compound to a prodrug of formula I: 

W W 

I 

20 wherein: 

V is selected from the group consisting of -H, alkyl, aralkyl, alicyclic, aryl, substituted 
aryl, heteroaiyl, substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R^; or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycarbonyloxy, or 
25 aryloxycarbonyloxy attached to a carbon atom that is three atoms from an oxygen attached to the 
phosphorus; or 
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together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, that is fused to an aryl group at the beta and gamma position to the 
oxygen attached to the phosphorus; or 

together V and W are connected via 3 caibon atoms to form an optionally substituted 
5 cyclic group containing 6 cazbon atoms and substituted with one substituent selected fix>m the 
group consisting of hydroxy, acyloxy, alkoxycaibonyloxy, alkyltfaiocaibonyloxy, and 
aiyloxycarbonyloxy, attached to a carbon atom tiiat is three atoms fiom an oxygen attached to 
the phosphorus; 

W and W are indq)endently selected fiom the group consisting of -H, alkyU aralkyl, 
1 0 alicyclic, aryl, substituted aryl, heto^oaryl, substituted heteroaryl. 1 -alkenyl, 1-aIkynyl, and -R^ 
Z is selected from the gn)i^ consisting of -CHR^OH , -OFDl^OCC^^ 
-CHR^0C(S)R\ -CHR2oC(S)OR\ -CHR20C(0)SR^ -CHR^0C02R^ -OR^ . -SR^ 
-CHR^N3, -CHjaiyl, ^(aryipH, •CH(CH=CR22)0H, .CH(Oai^)OH, -R^ , -NR^, 
.0C0R\ .0C02R\ -SCOR^ -SC02R\ -NHC0R\ -NHCX)2R^ -CHjNHaryl. KCH2)p-0R^ and 
15 KCHaVSR^; 

R^isanR^or-H; 

R^ is selected from the group consisting of allgrl, aryl, aralkyl, and alicyclic; and 

R^ is selected from the group consisting of alkyl, aralkyl, and alicycUc; 
p is an integer from 2 to 3; 
20 with the provisos that: 

a) V, Z, W, and W are not all -H; and 

b) when Z is -K\ thai at least one of V and W is not-H, or -R^ and 

M is selected from the group that attached to V0^\ ^tOe^ or P309^ is biologically active 
in vivo, and that is attached to the phosphorus in formula I via a carbon, oxygen, or nitrogen 
25 atom; 

and phannaceutically acceptable prodrugs and salts thereof. 



SUBSTITUTE SHEET (RULE 26) 



wo 99/45016 



PCTAJ599/04908 



1 34. A compound of fonnula I: 




I 

5 wherein: 

V is selected from the group consisting of -H, alkyl, aralkyl, alicyclic, aiyl, substituted 
aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R^; or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroalom, substituted with hydroxy, acyloxy, alkoxycarbonyloxy, or 
1 0 aryloxycaibonyloxy attached to a carbon atom that is three atoms from an oxygen attached to the 
phosphorus; or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, that is fused to an aiyl group at the beta and gamma position to the 
oxygen attached to the phosphorus; or 
1 5 together V and W are connected via 3 carbon atoms to form an optionally substituted 

cyclic group containing 6 caibon atoms and substituted with one substituent selected from the 
group consisting of hydroxy, acyloxy, alkoxycarbonyloxy, alkylthiocaxbonylbxy, and 
aryloxycarbonyloxy, attached to a carbon atom that is three atoms from an oxygen attached to 
the phosphorus; 

20 W and W* are independently selected from the group consisting of -H, alkyl, aralkyl, 

alicyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R^; 

Z is selected from the group consisting of -CHR^OH , -CHR^0C(0)R\ 
-CHR^0C(S)R\ -CHR^0C(S)0R\ -CHR^OC(0)SR^ -CHR^0C02R\ -OR^ , -SR^ 
-CHR^Na, -CHjaiyl, -CH(aryl)OH, .CH(CH=CR^2)0H, .CH((M3l^)0H, -R^ , -NR^j, 
25 -0C0R\ -0C02R\ -SC0R\ -SC02R\ -NHCOR^ -NHC02R\ -CHzNHaiyl, -(CH2V0R^ and 
-(CH2VSR'; 

rMs an R^ or -H; 

R^ is selected from the group consisting of alkyl, aiyl, aralkyl, and alicyclic; and 
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is selected fiom the group consisting of alkyl, aralkyl, and alicyclic; 
p is an integer fiom 2 to 3; 
with the provisos that: 
a) V, Z. W, and Ware not all -H; and 
5 b) whm Z is -R\ then at least one of V and W is not -H, or -R^; and 

M is selected from the group that attached to PO3 , PsOe^', or P309^ is biologically active 
in vivo, and that is attached to the phosphorus in formula I via a carbon, oxygen, or nitrogen 
atom with the proviso that M-POa^" is not an FBPase inhibitor 

and pharmaceutically acceptable prodrugs and salts thereof. 

10 

135. The compounds of claim 134 wherein MP03^ , MH , MPaOe^", and Mp309^ is 
selected from the group consisting of an antiviral, anticancer, antihyperlipidemic, and 
antiparasitic agents. 

1 5 136. The compound of claim 1 34 wherein MPOa^', MH, MPjOe^', and 1^309"^* is 

selected from the group consisting of metalloprotease inhibitor, and TS inhibitor. 

137. The compounds of claim 135 wherein MH is selected from the group consisting 
of araA, AZT, d4T, ddl, ddA, ddC, L-ddC, L-FddC, L-d4C, L-Fd4C, 3TC, ribavirin, penciclovir, 

20 5-fluoro-2'.deoxyuridine, FIAU, FIAC, BHGG, 2'R,5'S(-)-l-[2-(hydroxymethyl)oxathiolan-5- 
yljcytosine, (-)-b-L-2*,3*-dideoxycytidine, (•)-b-L-2',3'-dideoxy-5-fluorocytidine, FMAU, 
BvaralJ, E-5-(2-bromovinyl)-2'-deoxyuridme, Cobucavir, TFT, 5-propynyH-arabinosyluracil, 
CDG, DAPD, FDOC, d4C, DXG, FEAU, FLG, FLT, FTC, 5-yl-carbocycUc 2'-deoxyguanosine, 
Cytallene, Oxetanocin A, Oxetanocin G, Cyclobut A, Cyclobut G, fluorodeoxyuridine, dFdC, 

25 araC, bromodeoxyuridine, IDU, CdA, F-araA, 5-FdUMP, Cofonnycin, and 2'-deoxycofonnycin. 

138. The compounds of claim 135 wherein MH is selected firom the group consistmg 
of ACV, GCV, 9-(4-hydroxy-3-hydroxymethylbut-l-yl)guanine and (R)-9-(3,4- 
dihydroxybutyl)guanine. 

30 

139. The compounds of claim 1 34 wherein M is selected fix>m the group consisting of 
PMEA, PMEDAP, HPMPC, HPMPA, FPMPA, and PMPA. 
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140. The compounds of claim 1 34 wherein M-POs^' is selected fioin die group 
consisting of phospohonoformic acid, and phosphonoacetic acid. 

141 . A method of enhancing the phannacodynamic half-life of a parent drug by 
5 administering to an animal a prodrug of formula I: 




I 

wherein: 

10 V is selected from the group consisting of -H, alkyl, aralkyl, alicyclic, aryl, substituted 

aryl, heteroaryl, substituted heteroaryl, l-alkenyl, 1-alkynyl, and -R^ or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycarbonyloxy, or 
aryloxycarbonyloxy attached to a carbon atom that is three atoms from an oxygen attached^to the 
15 phosphorus; or 

together V and Z are coimected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, that is fused to an aryl group at the beta and gamma position to the 
oxygen attached to die phosphorus; or 

together V and W are connected via 3 carbon atoms to form an optionally substituted 
20 cyclic group containing 6 carbon atoms and substituted with one substituent selected from the 
group consistmg of hydroxy, acyloxy, alkoxycaibonyloxy, alkylthiocaibonyloxy, and 
aryloxycarbonyloxy, attached to a carbon atom that is three atoms from an oxygen attached to 
the phosphorus; 

W and W are indq>endaitly selected from the group consisting of -H, alkyl, aralkyl, 
25 alicyclic. aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R^; 
Z is selected from the group consisting of -CHR^OH , -CHR^OC(0)R^, 
-CHR^CK;(S)R^ -CHR^OC(S)OR^ .CHR^OC(0)SR^ -CHR^0C02R\ -OR^ , -SR^ 
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.CHR^N3, -CHaaryl, -CH(aryl)OH, -CH(CH=CR^)OH, -CH(CsCR^)OH, -R^ , -NR^a, 

.0C0R\ -0C02R\ -SCOR^ -SC02R\ -NHCOR^ -NHC02R^ -CHiNHaryl, -(CH2)p-OR^ and 

-(CH2VSR'; 

R^isanR^or-H; 

5 R^ is selected fix>m tiie group consisting of alkyU aiyl, aralky 1, and alic^clic; and 

R^ is selected fiom the group consisting of alkyl, aralkyl, and alicyclic; 
p is an integCT from 2 to 3; 
witb the provisos that: 
a) V.Z,W,andWarenotall-H;and 
16 b) when Z is -R^ then at least one of V and W is not -H, or -R^ and 

M is selected from the group that attached to , FiOe^'y or PsOg^ is biologically active 
in VIVO, and that is attached to the phosphorus in formula I via a carbon» oxygen, or nitrogen 
atom; 

and pharmaceutically acceptable prodrugs and salts thereof 

15 

142. A prodrug for enhancing the pharmacodynamic half-life of a parent dmg 
comprising a prodrug of formula I: 




I 

20 whmin: 

V is selected fiom the group consisting of -H, alkyl, arallgrl, alicyclic, aryl, substituted 
aiyl, heteroaiyl, substituted heteroaiyl, 1-alkenyU 1-alkynyU and -R^; or 

togeOier V and Z are connected via 3-5 atoms to fonn a cyclic group, optionally 
containing 1 hetmatom, substituted with hydroxy, acyloxy, alkoxycarbonyloxy, or 
25 aiyloxycaibonyloxy attached to a caibon atom that is fliree atoms from an oxygen attached to the 
phosphorus; or 
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together V and Z are connected via 3-S atoms to fonn a cyclic group, optionally 
containing 1 heteroatoni» that is fused to an aiyl group at Ac beta and ganuna portion to the 
oxygen attached to the phosphorus; or 

together V and W are connected via 3 carbon atoms to form an optionally substituted 
5 cycUc group containing 6 caibon atoms and substituted with one substituent selected fiom the 
groiq> consisting of hydroxy, acyloxy, alkoxycaifoonyloxy, all^lthiocaibonyloxy, and 
aiyloxycarbonyloxy, attached to a carbon atom that is three atoms fiom an oxygm attached to 
flie phosphorus; 

W and W* are independently selected fiom the groiq> consisting of -H, alkyl, aralkyl, 
10 alicyclic, aryl, substituted aryl, hetooaryl, substituted heteroaryl, l-alkmyl, l-aUgrnyl, and -R^; 
' Z is selected from the groi^ consisting of -CHR^OH , -CHR^0C(0)R\ 
.CHR^0C(S)R\ -CHR^OC(S)OR^ .CHR^OC(0)SR^ -C3^R^OC02R^ -OR^ , -SR^ 
-CHrH, -CHzaiyl, -CH(aryl)OH, -CH(CH=CR^)OH, -CH((Ml^)OH, -R^ , -NR^z, 
-0C0R\ -OC02R\ -SC0R\ -SC02R\ -NHCOR^ .NHC02R\ -CHzNHaryl, -(CHzVOR". and 
15 KCHaVSR^ 

R^isanR^or-H; 

R^ is selected fiom the group consisting of alkyl, aiyl, aralkyl, and alicyclic; and 
R^ is selected fiom the group consisting of alkyl, aralkyl, and alicychc; 
p is an integer fiom 2 to 3; 
20 witii the provisos tiiat: 

a) . V,Z,W,andW'arenotall-H;and 

b) when Z is -R^ then at least one of V and W is not -H, or -R^ and 

M is selected fiom the group that attached to PO3 , P206^, or P309^ is biologically active 
in vrva, and that is attached to the phosphorus in formula I via a carbon, oxygen, or nitrogen 
25 atom; 

and pharmaceutically acceptable prodrugs and salts thereof. 

143. The prodrug of claim 141 whereih M is attached to the phosphorus in formula I 
via an oxygen atom. 

30 

144. The prodrug of claim 143 wherein M is a nucleoside. 
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145. The piodrog of claim 144 wherein said oxygen is in a primary hydroxy! group on 
a ribofuranosyl or an arabinofuranosyl group. 

' 146. The prodrug of claim 144 wherein said oxygm is in a primary hydroxy group. 

5 

147. The prodrug of claim 146 herein MH is selected fipom the group consisting of 
aiaA, AZT. d4T, ddl, ddA, ddC, L^dC, L-FddC, L-d4C, L-Fd4C, 3TC, ribavirin, penciclovir, 5- 
fluoro-2*-deoxyuridine, FIAU, FIAC, BHCG, 2*R,5*S(->l-[2-(hydroxymethyl)oxathiolan-5- 
yl]cytosine, (-)-b-L-2%3*-dideoxycytidine, (-)-b-L-2*3'-dideoxy-5-fluon>cytidine, FMAU, 
1 0 BvaraU, E-5-{2-bromovinyl)-2'-deoxyimdine, Cobucavir, TFT, 5-propynyl-l -arabinosyluracil, 
CDG, DAPD. FDOC, d4C, DXG, FEAU, FLG» FLT, FTC, 5-yl-caibocyclic 2'^eoxyguanosine. 
Cytallene, Qxetanocin A, Oxetanocin G, Cyclobut A, Cyclobut G, fluorodeoxyuridine, dFdC, 
araC, bromodeoxyuridine, IDU, CMA, F-araA, 5-FdUMP, Coformycin, and 2'-deoxycoformycin. 

15 148. The prodrug of claim 144 wherein said oxygen is in a hydroxyl group on an 

acyclic sugar group. 

149. The prodrug of claim 148 wh^nMH is selected fix>m the groi^ consisting of 
ACV, GCV, 9-(4-hydroxy-3-hydroxymethyIbut-l-yl)guanine, and CR)-9-(3,4- 

20 dihydroxybutyl)guanine. 

150. The prodrog of claim 144 wherein M is a compound of formula II: 




II 

wherein 

25 E is selected from the group consisting of alkyl, amino or halogra; 
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L and J are independmtly selected from the group consisting of hydrogen, hydroxy, 
acyloxy, alkoxycaibonyloxy, or when taken together form a lower cyclic ring containing at least 
one oxygen; and 

A is selected fix)m the group consisting of amino and lower alkylamino; and 
phaimaceutically acceptable salts thereof. 

151. The prodrug of claim 141 wherein M is attached to the phosphorus in formula I 
via a carbon atom. 

1 52. The prodrug of claim 151 wherein M-POa^* is selected from the group consisting 
of phospohonofonnic acid, and pho^honoacetic acid. 

153. The prodrug of claim 151 wherein M is a compound of formula DI: 




wherein 

A is selected from the group consisting of -NR 2, NHSOiR^, -OR^ -SR^ halogen, lower 

all^l, -CON(R%, guanidine, amidine, -H, and peifaaloalkyl; 

E is selected from the group consisting of -H, halogen, lower alkylttiio, lower 

peihaloalkyl, lower aDcyl, lower alkenyl, lower alkynyl, lower alkoxy, -CN, and -NR^2; 

X is selected from the group consisting of alkylamino, alkyl, alkenyl, alkynyl, 
alkyl(carboxyl), alkyl(hydn)xy), alkyl(phosphonate), alkyl(sulfonate), aiyl, alkylaminoalkyl, 
alkoxyalkyl, alkylthioalkyl, alkylthio, alicyclic, l,l-dihaloalkyl,caibonylalkyl, 
alkylaminocarbonyl, alkylcarbonylamino, aralkyl, and alkylaiyl, all optionally substituted; or 
togethCT with Y forms a cyclic groiq) including cyclic alkyl, heterocyclic, and aryl; 

Y is selected from the group consisting of -H, alkyl, alkenyl, alkynyl, aryl, alicyclic. 
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aralkyl, aiyloxyalkyl, alkoxyaDcyl. -C(0)R\ -S(0)2R', -C(0>OR\ 

-CONHR^, -NR 2» and -OR^, all except H are optionally substituted; or together wiA X forms a 

cyclic group including aryl, cyclic alkyl, and heterocyclic; 
4 

R is independently selected fiom the group consisting of -H, lower alkyl, lower 
5 alicyclic, lower aralkyl, and lower aryl; 

R^ is selected from the group consisting of lower alkyl, lower aryl, lower aralkyl, and 
lower alicyclic; 

R^ is independently selected from the gtoup consisting of -H, and lower alkyl; 

7 

R isindependently selected from the group consisting of -H, lower alkyl, lower 

1 0 alicycHc, lower aralkyl, lower aiyl, and -C(0)R^^; 

R* is independently selected from the group consisting of -H, lower alkyl, lower aralkyl, 
lower aryl, lower alicyclic, -C(0)R*^ or together they form a bidmtate alkyl; 

R^^ is selected from the group consisting of *H, lower alkyl, -NH2, lower aryl, and lower 
pecfaaloalkyl; 

15 R^ ^ is selected from the group consisting of alkyl, aiyl, -OH, -NH2 and 

-OR^; and 

phannaceutically acceptable prodrugs and salts thereof 



154. The prodrug of claim 151 wherein M is a compound of formula IV: 



20 




wherein: 



o 7 7 

A, E, and L are selected from the group consisting of -NR 2, -NO2, -H, -OR , -SR , 



SUBSTITUTE SHEET (RULE 26) 



wo 99/45016 



206 



PCTAJS99/04908 



-C(0)NR 2» halo, -COR , -S02R^, giianidine, amidine, -NE^S02R^ -SO2NR 2» -CN, 
sulfoxide, perhaloacyl, perhaloalkyl, peilialoalkoxy, C1-C5 alkyl, C2-CS alkenyl, C2-CS 
alkynyl, and lower alicyclic, or together A and L form a cyclic group, or together L and E form 
a cyclic group, or together E and J form a cyclic group including aryl, cyclic alkyl, and 
5 heterocyclic; 

J is selected from the group consisting of -NR^2, -NO2, -H, -OR^, -SR^, -C(0)NR^2, 

halo, -C(0)R^ ^ , -CN, sulfonyl, sulfoxide, periialoalkyl, hydroxyalkyl, perfaaloalkoxy, alkyl, 
haloalkyl, aminoalkyl, alkenyl, alkynyl, alicyclic, aryl, and aralkyl, or together with Y forms a 
cyclic group including aryl, cyclic alkyl and heterocyclic alkyl; 

10 X is selected &om the group consisting of alkylamino, alkyl(hydroxy), all^Kcarboxyl), 

alkylO)hosphonate), alkyl, alkenyl, alkynyl, a]kyl(sulfonate), aryl, carbonykilkyl, 1,1- 
dihaloalkyl, alkylaminoalkyl, alkoxyalkyl, alkylthioalkyl, alkylthio, alkylaminocaibonyl, 
alkylcarhonylamino, ahcyclic, aralkyl, and alkylaryl, all optionally substituted; or together with 
Y forms a cyclic group including aryl, cyclic alkyl, and heterocyclic; 

15 Y is selected firom the groiq> consisting of -H, alkyl, alkenyl, allgmyl, aryl, ahcyclic, 

aralkyl, aryloxyalkyl, alkoxyalkyl, -C(0)R\ -S(0)2R\ -C(0>OR\ 

-CONHR^, -NR^2» and -0R^ all except -H are optionally substituted; or together with X forms a 
cychc group including aryl, cyclic alkyl, and heterocycUc; 

R^ is indq)endently selected from the group consisting of -H, lower alkyl, lower 
20 alicycUc, lower aralkyl, and lower aryl; 

R^ is selected from the group consisting of lower alkyl, lower aiyl, lower aralkyl, and 
lower alicyclic; 

R^ is indq)endently selected fiom the group consisting of -H, and lower aOcyl; 

R^ is independently selected fiom the group consisting of -H, lower alkyl, lower 

25 alicyclic, lower arall^l, lower aryl, and-C(0)R^°; 

R^ is independently selected fiom the group consisting of -H, lower alkyl, lower aralkyl, 
lower aryl, lower alicyclic, -C(0)R^^ or together they form a bidentate alkyl; 

R^^ is selected from the group consisting of -H, lower alkyl, -NH2, lower aryl, and lower 
peifaaloalkyl; 
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^ is selected from the group consisting of alkyl, aiyi, -OH, -NH2 and 

-OR^; and 

phannaceutically acceptable prodrugs and salts thereof; with the provisos that: 

o 

a) whenXisalkyloralkene,thenAis-NR 2; 
5 b) X is not alkylamine and alkylaminoalkyl when an allQ^l moiety is substituted with 

phosphonic esters and acids; and 

c) A» L, E, J, Y, and X together may only form 0-2 cyclic groups. 

155. The prodrug of claim 151 wherein MH is selected from the groiqi consisting of 
10 PMEA, PMEDAP, HPMPC, HPMPA, FPMPA. and PMPA. 

156. The prodrug of claim 141 wherein MPOj^", MP206^, or MP309^ is useful for the 
treatment of diseases of the liver or metabolic diseases where the hver is responsible for the 
overproduction of a biochemical end product. 

157. The prodrug of claim 156 wherein said disease of the liver is selected from Hxe 
group consistmg of hepatitis, cancer, fibrosis, malaria, gallstones, and chronic cholecystalithiasis. 

158. The prodrug of claim 157 vdherem MH. MPOj^ MP2O6 \ or MP3O9' is an 
20 antiviral or anticancer agent. 

159. The prodrug of claim 156 wherein said metabolic disease is selected from the 
group consisting of diabetes, adierosclerosis, and obesity. 

25 160. The prodnigofclaim 156 wherein said biochemical end product is selected from 

the grot^ consisting of glucose, cholesterol, fatty acids, and triglycerides. 

161 . The prodrug of claim 160 wherem MH or MPOa^" is an AMP activated protein 
kinase activator. 

30 
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162. The prodrug of claim 141 wherein M -POa^' is a compound that inhibits human 
liver FBPase. 

163. The prodrug of claim 162 wherein said compound inhibits human hver FBPase 
with an IC50 of less dian 10 ^M. 

164. The prodrug of claim 162 whonein Mis a groiq)T-X wherein 

T is selected from Ae group consisting of benzimidazole, indole, purine, and 9- 
azaindole, all of which contain at least one substituent; 

X is attached at the 2, 2, 8, and 2 positions of said T groups, respectively; and 
X is selected from the group consisting of alkylamino, alkyl, alkenyl, alkynyl, 
alkyl(caiboxyl), alkyl(hydroxy), alkyl(phosphonate), alkyl(sulfonate), aiyU alkylaminoalkyl, 
alkoxyalkyl, alkylthioalkyl, alkylthio, alicyclic, 1,1-dihaloallgrl, caibonylalkyl, 
aOcylaminocarbonyl, alkylcaibonylamino, aralkyl, and alkylaryl, all optionally substituted. 

165. The prodrug of claim 141 wherein V is selected from the group consisting of aryl, 
substitued aiyl, heteroaiyl, substituted heteroaryl; or 

together V and Z are connected via 3-S atoms to form a cycUc groiq>, optionally 
containmg one hetax>atom, tibat is fiised to an aryl group attached at the beta and gamma position 
to the oxygen attached to the phosphorus or together V and W are connected via 3 caibon atoms 
to farm a cychc group containing 6 caibon atoms mono-substituted with a substitucait selected 
from the groi^) consisting of hydroxyl, acyloxy, alkoxycarbonyloxy, alkylfliiocaibonyloxy and 
aryloxycaifoonylo^ tinee atoms from an oxygen attached to the phosphorus. 

166. The prodrug of claim 165 wherein V is selected from the group consisting of aiyl, 
substitued aiyl, heteroaryl, and substituted heteroaryl. 

167. The prodrug of claim 166 wherein V is selected from the group consisiting of aryl 
and substituted aryl. 

168. The prodrug of claim 167 wherein V is selected from the groiq) consisting of 
phenyl, and substituted phenyl. 
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1 69. The prodrug of claim 1 68 wherein V is 3-bromophenyl. 

170. The prodrug of claim 166 wherein V is selected &om the group consisting of 
heteroaryl and substituted heteroaiyl. 

5 

171 . The prodrug of claim 170 wherein V is 4-pyridyl. 

172. The prodrug of claim 165 wherein together V and Z are connected via 3-5 atoms 
to form a cyclic group, optionally containing 1 heteroatom, that is fiised to an aiyl group at the 

1 0 beta and gamma positions to the oxygen attached to phosphorus. 

1 73. The prodrug of claim 1 72 wherein said aiyl group is an optionally substituted 
monocyclic aryl group and the connection between Z and the gamma position of the aryl group is 
selected from the gn>iq> consisting of O, CH2, CH2CH2, OCH2 or CH2O. 

15 

174. The prodrug of claim 165 whoein together V and W are connected via 3 caibon 
atoms to form an optionally substituted cyclic groiq> containing 6 caibon atoms and mono- 
substituted with one substituent selected from the group consisting of hydroxy, acyloxy, 
alkoxycaxbonyloxy, alkylthiocaibonyloxy, and aiyloxycaibonyloxy three atoms from an oxygen 

20 attached to the phosphorus. 

175. The prodrug of claim 174 wherein together V and W fonn a cyclic group selected 
from flie group consisting of -CH2-CH(OH)-CH2-, -CH2CH(C)COR^)-CH2-, and 
.CH2CH(OC02R^K3l2-. 

25 

176. The prodrug of claim 141 wherein Z is selected from the group consisting of 
-<3Eni^0H , -CHR^0C0R\ and -CHR^0C02R^ 

177. The prodrug of claim 141 wherem Z is selected from the group consisting of 
30 -OR^ .SR^ -CHR^Na, -R^ , -NR^, -0C0R\ -0C02R\ -SCOR^ -SC02R^ -NHCOR^ 

-NHC02R^ -CH2NHaryl, -(CH2)p-0R\ and .(CH2VSR^ . 
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1 78. The prodrug of claim 1 77 wherein Z is selected finom the groiip consisting of - 
OR^ -R- . -OCOR^ '0C02R\ -NHC0R\ -^IHC02R^ -(CH2V0R^ and , -(CHzVSR^ • 

179. The prodrug of claim 178 wherein Z is selected &om the group consisting of - 
5 0R^ -H , -OCOR^ -0C02R\ and -NHCORI 

180. The prodrug of clahn 141 wherein W and W are independently selected from the 
group consisting of H, R^, aryU substituted aiyU heteroaiyl, and substituted aryl. 

10 181. The prodrug of claim 180 wherein Wand W* are the same group. 

182. The prodrug of claim 181 whorein W and W are H. 

1 83. The prodrug of claim 141 wherein said prodmg is a compound of formula VI: 

15 




V is selected from the group consisting of aryl, substituted aryl, heteroaryl, and 
substituted aiyl. 

20 1 84. The prodrug of claim 183 wherein M is attached to phosphorus via an oxygen or 

caibon atom. 

1 85 . The prodrug of claim 1 83 wherein V is selected fix)m tfie group consisting of 
phenyl and substituted phenyl. 

25 

186. The prodrug of claim 183 wherein V is pyridyl. 
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187. The prodrug of claim 141 wherein said prodrug is a compound of foimula VH: 



Z is selected from the group consisting of: 
-CHR^OH, .CHR^OCOR^ -CHR^0C(S)R\ <HR^0C02R\ -CHR^OC(0)SR^ 
-CHR^0C(S)0R\ -SR^ and .CH2aiyL 

188. The prodrug of claim 1 87 wherein M is attached to the phosphorus via a carbon 
oxygen atom. 

1 89. The prodrug of claim 1 88 wherein Z is selected fiom the groiq) consisting of 
-CHR^OH. -CHR^0C(0)R\ and -CHR^0C02R^ 

190.. The prodrug ofclaim 189 wheremR^ is -H. 

191 . The prodrug of claim 141 wherein said prodrug is a compound of formula Vni: 



T is selected fix)m the group consisting of -OH, -OC(0)R^, -OCO2 R^. and 
-OC(0)SR^ 

D' and D" are independently selected fiom the group consisting of -H, alkyl, -OH, and 
-0C(0)RI 




wherein 




vra 



wherein 
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192. The prodrug of claim 141 wherein W* and Z are -H, W and V are both the same 
aryl» substituted aiyl, heteroaiyl, or substituted hetax>aiyl such that the phosphonate prodrug 
moiety: 



has a plane of symmetry. 

193. The prodrug of claim 141 wherein W and W* are H, V is selected from the group 
consisting of aiyU substituted aryl, heteroaryl, substituted heteroaryl» and Z is selected from the 
group consisting of -H, OR^, and -NHCORI 

194. The prodrug of claim 193 wherein Z is -H. 

195. The prodrug of claim 194 wherein said oxygen is in a primary hydroxyl group. 

196. The prodrug of claim 194 wherein V is selected from the group consisting of 
phenyl or substituted phenyl. 

1 97. The prodrug of claim 1 96 wherein said oxygen is in a primary hydroxyl group. 

198. The prodrug of claim 1 94 wherein V is an optionally substituted monocyclic 
heteroaryl containing at least one nitrogen atom. 

199. The prodrug of claim 198 wherein said oxygen is in a primary hydroxyl group. 

200. The prodrug of claim 198 wherein Vis 4-pyridyl. 




W 
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201 . The prodrug s of claims 195, 197, or 1 99 wherein MH is selected fiom the group 
consisting of araA. AZT, d4T, ddl, ddA. ddC, L-ddC, L-FddC, L-d4C, L-Fd4C, 3TC, ribavirin, 
penciclovir, 5-nuoro-2'-deoxyuridine, FIAU, FIAC, BHCG, 2'R,5*S(-)-l-[2- 
(hydroxymethyl)oxathiolan-5-yl]cytosine, (-)-b-L-2',3'-dideoxycytidine, (-)-b-L-2',3'-dideoxy- 

5 5-fluorocytidine, FMAU, BvaraU, E-5-(2-bromovinyl)-2'-deoxyuridine, Cobucavir, TFT, 5- 
propynyH-arabinosyluracil, CDG, DAPD, FDOC, d4C, DXG, FEAU, FLG, FLT, FTC, 5-yl- 
carbocyclic 2'-deoxyguanosine, Cytallene, Oxetanodn A, Oxetanodn G, Cyclobut A, Cyclobut 
G, fluorodeoxyuridine, dFdC, araC, bromodeoxyuridine, IDU, CMA, F-ara-A, 5-FdUMP, 
coformycin, and 2'-deoxycofomiycin. 

10 

202. The prodrugs of claims 195, 197, or 199 wherein MH is selected from the group 
consistmg of ACV, GCV, 9-(4-hydroxy-3-hydroxymethylbut-l-yl)guanine, and (R)-9-<3,4- 
dihydroxybutyOguanine. 

1 5 203. The prodrugs of claims 195, 197, or 199 wherein M is attached to the pho^horus 

via a carbon atom. 

204. The prodrugs of claims 195, 197, or 199 wherein MPOa^' is selected fiom the 
group consisting of phosphonoformic acid, and phosphonoacetic acid. 

20 

205. The prodmgs of claims 195, 197, or 199 wherein MH is selected fiom the group 
consisting of PMEA, PMEDAP, HPMPC, HPMPA, FPMPA, and PMPA. 

206. The prodrug of claim 201 wherein V is selected fiom the group consisting of 
25 phmyl and 4-pyridyl and MH is selected fiom the groiq) consisting of ribavirin, AZT, 

penciclovir, araA, 5-fluoroT2*-deoxyuridine, ddl, ddA, ddC, and F-araA. 

207. The prodmgs of claims 1 95, 197, or 199 wherein M is selected fiom the group 
consisiting of: 
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J L 
II 



wherein 

E is selected fit>in the group consisting of alkyl, amino or halogen; 
L and J are independently selected from the group consisting of hydrogen, hydroxy, 
5 acyloxy, alkoxycaibonyloxyi or when taken together form a lower cyclic ring containing at least 
one oxygen; and 

A is selected from the group consisting of amino and lower alkylamino; and 
pharmaceutically acceptable prodrugs and salts thereof. 

10 208. The prodrugs of claims 195, 197, or 199 wherein M is selected from the group 

consisiting of: 




III 

wherein 

A is selected from the groiq> consisting of -NR 2» NHS02R\ 

1 5 -OR^ -SR^, halogen, lower alkyl, -CON(R^, guanidine, amidine, 
-H, and peifaaloalkyl; 

E is selected from the group consisting of -H, halogen, lower aU^lttiio, lower 

7 

perhaloalkyl, lower alkyl, lower alkenyl, lower alkynyl, lower alkoxy, -OSf, and -NR 2; 
X is selected fix>m the group consisting of alkylamino, alkyl, alkenyl, alkynyl, 
20 aIkyl(caiboxyl), alkyl(hydroxy), alkyl(phosphonate), alkyl(sulfonate), aryl, alkylaminoalkyl, 
alkoxyalkyl, alkylthioalkyl, alkylthio, alicycUc, 1,1-dihaloalkyl, carbonylalkyl, 
aminocarbonylaniino,.alkylaminocarbonyl, alkylcarbonylamino, aralkyl, and alkylaryl, all 
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Optionally substituted; or together with Y forms a cyclic group including cyclic alkyl, 
heterocyclic, and aryl; 

Y is selected from the groiq) consisting of -H, alkyl, alkenyl, alkynyl, aryl, alicyclic, 
aralkyl, aryloxyalkyl, alkoxyalkyl, -C(0)R\ -S(0)2R\ •C(0)-0R\ 

5 -CONHR^, -NR^2> and -0R^ all except H are optionally substituted; or together with X forms a 
cyclic group including aryl, cyclic alkyl, and heterocyclic; 
4 . . 

R IS mdependently selected from the group consisting of -H, lower alkyl, lower 
alicyclic, lower aralkyl, and lower aryl; 

R^ is selected fit)m the group consisting of lower alkyl, lower aryl, lower aralkyl, and 
10 lower alicyclic; 

R^ is independently selected j&om the group consisting of -H, and lower allqrl; 
R is independently selected fi^om the group consistmgof-H, lower alkyl, lower 
alicycUc, Iowct aralkyl, lower aryl, and -C(0)R^ ^; 

R* is independently selected from the group consisting of -H, lower alkyl, lower aralkyl, 
1 5 lower aryl, lower alicyclic, -C(0)R'^ or together they form a bidentate alkyl; 
10 

R is selected from the g^oup consisting of -H, lower alkyl, -NH2, lower aryl, and lower 
periialoalkyl; 

R^ ^ is selected from the group consisting of alkyl, aryl, -OH, -NH2 and 
-OR^and 

20 pharmaceutically accq>table prodrugs and salts thereof 

209. The prodrugs of claims 195, 197, or 199 wherein M is a compound of formula IV: 

A 

w 

N 

J Y 
IV 

wherein: 

25 A, £, and L are selected from the group consisting of 
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-NR^2, -NO2, -H, -OR^, -SR^, -C(0)NR^2> halo, -COR^ ^ -S02R\ guanidine, amidine, 

-NHS02R^, -S02NR^2, -CN, sulfoxide, peAaloacyl, perhaloalkyl, peihaloalkoxy, C1-C5 alkyl, 
C2-CS. alkenyU C2-CS alkynyl, and lower alicyclic, or together A and L form a cyclic group, or 
together L and E form a cyclic groiq>, or together E and J form a cyclic group including aiyl, 
5 cyclic alkyl, and heterocyclic; 

g 

J is selected from the group consisting of -MR 2» -NO2, 

-H, -OR^, -SR^. -C(0)NR^2, halo, -C(0)R^ ^ , -CN, sulfonyl, sulfoxide, perhaloalkyl, 
hydroxyalkyl, perhaloalkoxy, alkyl, haloalkyl, aminoalkyl, alkenyl, alkynyl, alicyclic, aryl, and 
aralkyi, or together with Y forms a cyclic group including aiyl, cyclic alkyl and heterocyclic 
10 alkyl; 

X is selected from the group consisting of alkylamino, alkyl(hydroxy), alkyl(caiboxyl), 
alkyl(phosphonate), alkyl, alkenyl, alkynyl, alkyl(sulfonate), aryl, carbonylalkyl, 1,1- 
dihaloalkyl, aminocarbonylamino, alkylaminoalkyl, alkoxyalkyl, alkylthioalkyl, alkylthio, 
alkylaminocarbonyl, alkylcarbonylamino, alicyclic, arall^l, and alkylaryl, all optionally 
1 5 substituted; or together with Y forms a cyclic group including aryl, cyclic alkyl, and 
heterocyclic; 

Y is selected from the group consisting of -H, alkyl, alkenyl, alkynyl, aryl, alicyclic, 
aralkyi, aryloxyalkyl, alkoxyalkyl, -C(0)R^ -S(0)2R\ -C(0)-0R\ 

-CONHR^, -NR^2» and -0R^ all except -H are optionally substituted; or together with X forms a 
20 cyclic group including aryl, cyclic alkyl, and heterocyclic; 

R^ is independently selected from the group consisting of -H, lower allgrl, lower 
alicychc, lower aralkyi, and lower aryl; 

R^ is selected from the group consisting of Iowct alkyl, lower aryl, lower aralkyi, and 
lower ahcyclic; 

25 R^ is independently selected from the groi^) consisting of -H, and lower alkyl; 

7 

R is independently selected from the group consisting of-H, lower alkyl, lower 

alicyclic, lower aralkyi, lower aryl, and -C(0)R^^; 

R^ is independently selected from the group consisting of -H, lower alkyl, lower aralkyi, 
lower aryl, lower ahcychc, -C(0)R'°, or together they form a bidentate alkyl; 
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R is selected from the group consisting of -H, lower alkyl, •NH2, lower aryl, and lower 
perhaloalkyl; 

. Ms selected from the group consisting of alkyl, aiyl, -OH, -NH2 and 
-OR^ and 

5 phannaceutically acceptable prodrugs and salts thereof; with tiie provisos tiiat: 

a) when X is alkyl or alkene, then A is -NR 2; 

b) X is not alkylamine and alkylaminoalkyl when an alkyl moiety is substituted with 
phosphonic esters and acids; and 

c) A, L, E, J, Y, and X together may only form 0-2 cyclic groups. 

10 

210. The prodrug of claim 141 wherein said oral bioavailability is at least 5%. 

211. The prodrug of claim 210 wherein said oral bioavailability is at least 1 0%. 

15 212. The prodrug of claim 210 wherein said oral bioavailability is enhanced by 50% 

compared to the parent drug administered orally. 

The prodrug of claim 212 wherein said oral bioavailability is enhanced by at least 

A prodrug for delivering a biologically active drug to an animal for a sustained 
compounds of formula I: 




I 

25 wherein: 



213. 



100%. 



20 



214. 
period using 



SUBSTITUTE SHEET (RULE 26) 



wo 99/45016 



PCT/US99/04908 



V is selected fix)m the group consisting of -H, alkyl, aralkyl, alicyclic, aiyl, substituted 
aiyl, heteroaiyl, substituted heteroaiyl, 1 -alkenyl, 1 -alkynyl, and -R^; or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycaibonyloxy, or 
5 aryloxycarbonyloxy attached to a carbon atom that is three atoms fcom an oxygen attached to the 
phosphorus; or 

together V and Z are connected via 3-5 atoms to form a cyclic groiq>, optionally 
containing 1 heteroatom, that is fiised to an aiy 1 group at the beta and gamma position to the 
oxygen attached to the phosphorus; or 
1 0 together V and W are connected via 3 carbon atoms to fomi an optionally substituted 

cyclic group containing 6 carbon atoms and substituted with one substituent selected from the 
group consisting of hydroxy, acyloxy, altoxycarbonyloxy, allgrithiocarbonyloxy, and 
aryloxycarbonyloxy, attached to a carbon atom that is three atoms from an oxygen attached to 
the phosphorus; 

15 W and W are mdepaidently selected from the groiq) consisting of -H, alkyl, aralkyl, 

alicyclic, aryl, substituted aryU heteroaryl, substituted heteroaryl, 1-alkcnyl, 1-alkynyl, and -R^ 

Z is selected from the group consistmg of -CHR^OH , -CHR^0C(0)R\ 
-CHR^0C(S)R\ -CHR20C(S)0R^ -CHR^OC(0)SR^ .CHR^0C02R\ -OR^ , -SR^ 
-CHRH, -CHzaryl, -CH(aryl)OH, -CH(CH=CRS)0H, -CH(CsCR')OH, -R^ , -NR^, 
20 .OCOR^ .0C02R\ -SC0R\-SC02R', -NHCOR^ .NHC02R^ ^MaNHaiyl, .(CH2)p-0R^ and 
^CH^VSR'; 

RMsanR^or-H; 

R^ is selected from the group consisting of alkyl, aryl, aralkyl, and alicyclic; and 

R^ is selected from the group consisting of allqrl, aralkyl, and alicyclic; 
25 pis an integer from 2 to 3; 

with the provisos that: 

a) V,Z,W,andWarenotall-H;and 

b) when Z is -R^ then at least one of V and W is not -H, or -R^; and 

M is selected from the group that attached to ?0^^\ fiOe^, or PbOq^ is biologically active 
30 in vivo, and that is attached to the phosphorus in formula I via a carbon, oxygen, or nitrogen 
atom; 

and pharmaceutically acceptable prodrugs and salts thereof. 
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215. The prodrug of claim 214 i^ereby ther^eutic levels of said dirug are maintained 
for at least one hour longer than the levels achieved by oral administration of the 
bispivaloyloxymethyl (bis-POM) ester. 

5 216. The prodrug of claim 214 whmiby thera^utic levels of said FBPase inhibitors 

are maintained for at least one hour longer after systemic administration relative to an equivalent 
molar amount of the parent conq)ound administered by the same route. 

217. The prodrug of claim 214 wherein MPOs^' is an FBPase inhibitor. 

10 

218. The prodrug of claim 214 wherein MH or MPOa^' is an antiviral or anticancer 



219. The prodrug of claim 218 wherein MH is selected fix>m the group consistmg of 
1 5 araA, AZT, d4T, 3TC, l-P-D-ribofiiranosyl-l^,4-triazole-3-caiboxamide, PMEA, ACV, 9-(4- 

hydroxy-3-hydroxymethylbut-l-yl)guanine, 5-yl-caibocyclic 2'-deoxyguanosine, dFdC, araC, F- 
ara-A, and CdA. 

220. A prodrug for delivering a biologically active drug to an animal with greater 
20 selectivity for the liver using compounds of formula I: 




W W 

wherein: 

V is selected from the group consisting of -H» alkyl, aralkyl, alicyclic, aryl, substituted 
25 aryl, hetCToaryl, substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R^; or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycarbonyloxy, or 
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aryloxycaibonyloxy attached to a caibon atom that is three atoms fiom an oxygen attached to the 
phosphorus; or 

tiogethCT V and Z are connected via 3-5 atoms to form a cyclic groi^, optionally 
containing 1 heteroatom, that is fiised to an aiyl group at the beta and gamma position to the 
5 oxygen attached to the phosphorus; or 

together V and W are connected via 3 carbon atoms to fonn an optionally substituted 
cyclic group containing 6 caibon atoms and substituted with one substituent selected fioni the 
group consisting of hydroxy, acyloxy, alkoxycaibonyloxy, alkylthiocaibonyloxy, and 
aryloxycarbonyloxy, attached to a carbon atom that is three atoms Scorn an oxygen attached to 
10 the phosphorus; 

W and W* are independently selected from the group consisting of -H, alkyl, aralkyl, 
alicycUc, aryl, substituted aryl, hetmaryl, substituted heteroaiyl, 1-alkenyl, l-alkynyl, and -R^ 

Z is selected from the group consisting of -CHR^OH , -CHR^OC(0)R^, 
.CHR^OC(S)R^ -CHR^OC(S)OR^ -CHR^0C(0)SR\ -CHR2oC02R\ -OR^ , -SR^ 
15 -CHR^Nj, -CHjaiyl, .CH(aryl)OH, -CHCCH^CR^aPH, -CH(OC3l^)0H, -R^ . -NR^. 

-0C0R\ -0C02R\ -SC0R\ -SC02R\ -^IHCOR^ -NHC02R\ -CHjNHaiyl, -(CH2)p-OR^ and 
KCHiVSR'; 

R^isanR^or-H; 

R^ is selected from the group consisting of alkyl» aryl, aralkyl, and alicyclic; and 
20 R^ is selected fiom the group con^sting of alkyl, aralkyl, and alicyclic; 

p is an integer from 2 to 3; 
with the provisos fliat: 

a) V,Z,W,andW*aienotall-H;and 

b) when Z is -R^ then at least one of V and W is not -H, or -R^; and 

25 M is selected from the group that attached to P03^', P206^', or P^Og^ is biologically active 

in vivo, and that is attached to the phosphorus in formula I via a carbon, oxygen, or nitrogra 
atom; 

and pharmaceutically acceptable prodrugs and salts thereof . 

30 221. The prodrug of claim 220 whereby the ratio of a parent drug or a dmg metaboUte 

concentration in the liver over a parent drug or a drug metabolite concmtration in the plasma, is 
two times greater compared to administration of a parent drug. 
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222. The prodrug of claim 221 wherein the liver specificity has increased relative to 
administration of M-P03=. 

223. The prodmg of claim 220 wherein said biologically active drug is a triphosphate 
5 generated in the liver. 

224. The prodrug of claim 223 whraiein MH is selected fiom the group consisting of 
araA, AZT, d4T, 3TC, l-p-D-ribo£uranosyl-l^,4-triazole-3-carboxarnide, ACV, 9-(4-hydroxy- 
3-hydK)xymethylbut-l-yl)guanine, 5-yl-catbocyclic 2'-deoxyguanosine, dFdC, aiaC, F-aia-A, 

10 andCdA. 

225. The prodmg ofclaim 220 wherein the active drug is MPOa^'. 

226. The prodmg of claim 225 wherein the dmg is selected fiom the groip consisting 
1 5 of FdUMP, 5-Bromo-(l-p.D-ribofiiranosyl)iimdazole-4-carboxamide-5^^^^ 6- 

Ammo-9-neopentyl-8-(2-^)ho^honofiiranyl)purine,6<3dor^ 
fiiranyl)benziinidazole, and 4-Amino-7-ethyl-5-fluoro-l-isobutyl-2-(2-phosphono-5- 
fi]ranyl)benzimidazole. 

20 227. The prodmg of claim 220 wherein the active dmg is MP309^ and M is attached 

viaC. 



228. The prodrug of claim 227 wherein the dmg is selected fit)m the group consisting 
of PMEA, PMEADAP, HPMPS, HPMPA, FPMPA. PMPA, phosphonoformic acid, and 
25 phosphonoacetic acid. 



SUBSTITUTE SHEET O^ULE 26) 



wo 99/45016 



222 



PCTAJS99/04908 



229. A piodrug for increasing the therspeutic ind« of a drug by ddmimscermg to an 
animal conq)ounds of formula I: 




I 

5 wherein: 

V is selected fiom the group consisting of -H, alkyl, aralkyl, alicyclic, aryl, substituted 
aiyl, heteroaryl, substituted heteroaryl, 1 -alkenyl, 1 -alkynyl, and -R^; or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycarbonyloxy, or 
1 0 aiyloxycaibonyloxy attached to a carbon atom that is three atoms fiom an oxygen attached to the 
phosphorus; or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, that is fused to an aryl group at the beta and gamma position to the 
oxygen attached to the phosphorus; or 
1 5 together V and W are connected via 3 carbon atoms to form an optionally substituted 

cyclic group containing 6 carbon atoms and substituted with one substituent selected from the 
group consisting of hydroxy, acyloxy, alkoxycarbonyloxy, alkylthiocarbonyloxy, and 
aryloxycarbonyloxy, attached to a carbon atom that is three atoms from an oxygen attached to 
the phosphorus; 

20 W and W* are independently selected fiom the group consisting of -H, alkyl, aralkyl, 

alicyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R^; 

Z is selected from the group consisting of -CHR^OH , -CHR^0C(0)R\ 
.CHR'0C(S)R\ -CHR^OC(S)OR^ -CHR^OC(0)SR^ .CHR^0C02R\ -OR^ , -SR\ 
-CHR^Nj, -CHaaryl, -CH(aryl)OH, -CH(CH=CR^)OH. -CH(CfeCR^)OH, -R^ , -NR^, 

25 -OCOR^ -OC02R\ -SC0K\ -SCOJUK -NHCOR^ -NHC02R\ -CH2NHaryl, -(CH2)p-0R^ and 

-(CHzVSR'; 

RMsanR^or-H; 
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is selected fiom the group consisting of alkyl, aiyU aialkyl, and aliej^Iic; and 
is selected fiom the group consisting of alkyl, aralkyl, and alicyclic; 
p is an integer from 2 to 3; 
^tfa the provisos that: 

a) V, Z, W, and are not all -H; and 

b) when Z is -R^, ihea at least one of V and W is not -H, or -R^ and 
M is selected from the group that attached to , fiOe'^ or P309^ is biologically active 

in vivo, and that is attached to the phosphorus in formula I via a carbon, oxygen, or nitrogen 
atom; 

and pharmaceutically acceptable prodrugs and salts thereof 

230. The prodrug of claim 229 wherein extrahq>atic toxicity is reduced. 

231. The prodrug of claim 230 wherein M-POa^" is excreted by the kidney. 
15 

232. The prodrug of claim 230 wherein the M is selected fiom the group consisting of 
PMEA. PMEADAP, HPMPS, HPMPA. FPMPA, and PMPA. 

233. The prodrug of claim 230 wherein the gastrointestinal toxicity is reduced. 

20 

234. The prodrug of claim 230 Mdierein central or peripheral nervous system toxicity is 
reduced. 

235. A prodrug for bypassing drug resistance by administering to an animal 
25 compounds of formula I: 




I 

wherein: 
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V is selected firom the group consisting of ^H^ alkyl, arall^l, alicyclic, aiyl, substituted 
aiyl» heteroaiyl, substituted hetmaiyl, 1-alkenyi, 1-alkynyl^ and -R^; or 

together V and Z are connected via 3-5 atoms to form a cyclic groiq>, optionally 
containing 1 heteroatom, substituted with hydroxy, acyloicy, alkoxycaibonyloxy, or 
5 aryloxycaibonyloxy attached to a carbon atom that is three atoms fiom an oxygen attached to the 
phosphorus; or 

together V and Z are connected via 3-S atoms to form a cyclic group, optionally 
containing 1 heteroatom, that is fused to an aryl group at the beta and gamma position to the 
oxygen attached to the phosphorus; or 
1 0 together V and W are connected via 3 carbon atoms to form an optionally substituted 

cyclic group containing 6 carbon atoms and substituted with one substituent selected fcom the 
groiq) consisting of hydroxy, acyloxy, alkoxycarbonyloxy, alkylthiocarfobnyloxy, and 
aryloxycarbonyloxy, attached to a carbon atom that is three atoms fiom an oxygen attached to 
the phosphorus; 

15 W and W are indq)endently selected fiom the group consisting of -H, alkyl, arall^l, 

alicyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R^; 

Z is selected fit)m the group consisting of -CHR^OH , -CHR^OC(0)R^ 
-CHR^0C(S)R\ -CHR^OC(S)OR^ -CHR^0C(0)SR\ -CHR^0C02R\ -OR^ , •SR^ 
-CHR^N3, -CH2aryl, -CH(aryl)OH, -CH(CH=CaiS)OH, ^(OCR^)OH, -R^ . -NR^, 

20 -0C0R\ -0C02R\ -SC0R\ -SC02R^ -NHC0R\ .NHC02R\ -CHaNHaryl, -(CH2)p-OR^ and 
-(CHaVSR'; 

R^isanR^or-H; 

R^ is selected fiom the group consistmg of alkyl, aryl, aralkyl, and alicyclic; and 
R^ is selected fiom the group consisting of alkyl, aralkyl, and alicyclic; 
25 p is an integer fix>m 2 to 3; 

with the provisos that: 

a) V, Z, W, and are not all -H; and 

b) when Z is -R^ then at least one of V and W is not -H, or -R^; and 

M is selected fiom the group that attached to P03^ , fiOe'^ or PsOq^ is biologically active 
30 in Wvo, and fliat is attached to the phosphorus in formula I via a carbon, oxygen, or nitrogen 
atom; 

and pharmaceutically acceptable prodrugs and salts thereof. 
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236. The prodnig of claim 235 wherein said resistance arises from decreased cellular 
production of M-POa**. 

237. The prodrug of claim 238 wherein said compound is an anticancer or antiviral 

agent. 

238. The prodrug of claim 237 wherein M is 5-£luoro-2'-deoxyuiidine and said agrot is 
5-FU, (5-fluoro-2*-deoxyuridine), or 5-fluorouridine. 

239. The prodnig of claim 237 wherein said resistance is to an antiviral agent selected 
fiom the group consisting of araA, AZT, d4T, 3TC, 1 -b-D-ribofiiranosyl-1 ^,4-tria2ole-3- 
carboxamide, ACV, 9-(4-hydroxy-3-hydK)xymethylbut-l-yl)guanine, and 5-yl-carbocyclic 2'- 
deoxyguanosine. 

240. The prodrug of claim 237 wherein the resistance or lack of antihq)atitis activity is 
due to a deficiency in thymidine kinase and said antiviral agent is selected from the groiq) 
consistmg of AZT, d4T, ACV, 

241 . The prodn^ of claim 237 wherein said anticancer agent is selected fiom the 
group consisting of dFdC, araC, F-araA, and CdA. 

242. A prodrug for treating cancer by administering to an animal a compound of 
formula!: 




I 

wherein: 
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V is selected fiom flie group consisting of -H» alkyl» arall^l, alicyclic, aiyl, substituted 
aryl, hetax>aryl, substituted heteroaiyl, l-alkenyl» 1-alkynyl, and -R^ or 

together V and Z are connected via 3-5 atoms to fomi a cyclic group, optionally 
containing 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycaibonyloxy, or 
5 aiyloxycaibonyloxy attached to a caibon atom that is three atoms fiom an oxygen attached to the 
phosphorus; or 

together V and Z are connected via 3-S atoms to form a cyclic group, optionally 
containing 1 heteroatoni, that is fiised to an aryl group at the beta and ganuna position to the 
oxygen attached to the phosphorus; or 
1 0 together V and W are connected via 3 carbon atoms to form an optionally substituted 

cyclic group containing 6 caibon atoms and substituted with one substituent selected fiom the 
group consisting of hydroxy, acyloxy, alkoxycaibonyloxy, alkylthiocaibonyloxy, and 
aiyloxycaibonyloxy, attached to a caibon atom that is three atoms from an oxygen attached to 
the phosphorus; 

15 W and W* are independently selected fi^om the group consisting of -H, allc/1, aralkyl, 

alicyclic, aiyl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R^ 

Z is selected bom the group consisting of -CHR^OH , -CHR^0C(0)R\ 
<m^OC(S)R\ -CHR^0CXS)0R\ -CHR^OC(0 

-CHR^Nj, -CHiaiyl, -GH(aryl)OH, -CH(CH=CR^)OH, <3I(OCR^)0H, -R^ , -NR^, 
20 OC0R^ .0C02R^ -SC0R\ -SC02R^ -NHCOR^ -NHC02R\ -CHaNHaiyl, -(CH2VOR^ and 
-(CH2)p-SR^ 

R^isanR^or-H; 

R^ is selected fix>m the groiq) consisting of alkyl, aryl, aralkyl, and alicyclic; and 
R^ is selected from the groiq> consisting of alkyl, aralkyl, and alicyclic; 
25 p is an integer from 2 to 3; 

witti the provisos that: 

a) V,Z,W,andWaienotaU-H;and 

b) when Z is -R^, then at least one of V and W is not -H, or -R^; and 

M is selected from the group that attached to PO3 , P206^', or IfyOg^ is biologically active 
30 in VIVO, and that is attached to the phosphorus in formula I via a. caibon, oxygen, or nitrogen 
atom; 

and phaimaceutically acceptable prodrugs and salts thereof. 
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243. The prodrug of claim 242 wherein tiie active diug is tiie triphbsphate of M-H. 

244. The prodrug of claim 242 wherein the active drug is the monophosphate of M-H. 

5 245 . The prodrug of claim 242 wherein said prodrug is administered to patients 

resistant to the parent drug. 

246. The prodrug of claim 242 wherein MH is selected from the group consisting of 
dFdC, araC, F-araA, and CdA. 

10 

247. A prodrug for use in treating viral infections by administering to an ianimal a 
compoimd of formula I: 




I 

15 wherein: 

V is selected fix>m the group consisting of -H, alkyl, aralkyl, alicyclic, aryl» substituted 
aryl, heteroaiyl, substituted heteroaiyl, 1-alkenyl, 1-alkynyl, and -R^; or 

together V and Z are connected via 3-S atoms to form a cyclic group, optionally 
containing 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycarbonyloxy, or 
20 aryloxycarbonyloxy attached to a carbon atom that is three atoms from an oxygen attached to the 
phosphorus; or 

together V and Z are connected via 3-5 atoms to fomi a cyclic groi^, optionally 
containing 1 hetmatom, that is fused to an aryl group at tiie beta and gamma position to the 
oxygen attached to the phosphorus; or 
25 together V and W are connected via 3 caifoon atoms to form an optionally substituted 

cyclic group containing 6 caibon atoms and substituted with one substituent selected from the 
group consisting of hydroxy, acyloxy, alkoxycaibonyloxy, ialkylthiocaxbonyloxy, and 
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aiyloxycaibonyloxy, attached to a caibon atom that is three atoms from an oxygen attached to 
the phosphorus; 

W and W are indq)eadently selected from the group consisting of -H, alkyl, aralkyl, 
alicyclic, aiyl, substituted aiyl, heteroaryl. substituted heteroaryl, 1-aIkenyl, 1-aIkynyl, and -R^; 

Z is selected from the group consisting of -<3IR^0H , .CHR^OC(0)R^ 

.CHR^0C(S)R\ -CHR^OCXS)OR^ -CHR^OC(0)SR^ -CHR^0CQ2R\ -OR^ , -SR^ 

-CHRH, 'CHjaryl, -CH(aiyl)OH, -CH(CH=CR^2)0H, -CH(CsCR^)OH, -R^ , -NR^, 

.0C0R\ -OCO2R', -SCOR\ -SC02R\ -NHCOR^ -hfHC02R\ -CHjNHaiyl, -(CH2)p-OR^ and 

-(CH2VSR'; 

RMsanR^or-H; 

R^ is selected from the group consisting of alkyl, aryl, aralkyl, and alicyclic; and 

is selected from the group consisting of alkyl, aralkyl, and alicyclic; 
p is an integer from 2 to 3; 
with the provisos that: 

a) V, Z, W, and W are not all -H; and 

b) when Z is -R^, flien at least one of V and W is not -H, or -R^; and 

M is selected from the group that attached to fO^\ ^lO^^, or P309^ is biologically active 
in vivo, and that is attached to the phosphorus in formula I via a carbon, oxygen, or nitrogen 
atom; 

and phannaceutically acceptable prodrugs and salts thereof. 

248. The prodrug of claim 247 wherein said viral infection is hepatitis. 

249. The prodrug of claim 248 wherein MH is selected from the group consisting of 
AZT,d4T,andACV. 

250. The prodrug of claim 248 wherein said prodrug is administ^ed to patients 
resistant to the parent drug. 

25 1 . The prodmg of claim 248 wherein said hq}atitis is hepatitis B. 

252. The prodrug of claim 247 wherein viral kinases produce M-POj". I 
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253. The prodrug of claim 252 wherein said viral infection is hq)atitis and said viral 
kinases are kinases from viruses other than the hepatitis viruses. 

254. The prodrug of claim 247 wherein the active drug is the triphosphate of M-H. 

255. A prodrug for use in treating liver fibrosis by administering to an animal a 
compound of formula I: 




w w 



10 I 

wherein: 

y is selected from the groiqi consisting of -H, alkyl, aralkyl, alicyclic, aryl, substituted 
axyl, heteroaryU substituted h^eroaiyl, 1-alkenyl, 1-alkynyl, and -R^ or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
1 5 containing 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycaibonyloxy, or 

aryloxycarbonyloxy attached to a carbon atom that is tiiree atoms from an oxygen attached to the 
phosphorus; or 

together V and Z are connected via 3-5 atoms to form a cyclic groiq), optionally 
containing 1 heteroatom, that is fused to an aryl group at the beta and gamma position to the 
20 oxygen attached to the phosphorus; or 

together V and W are connected via 3 carbon atoms to form an optionally substituted 
cyclic gmsp containing 6 carbon atoms and substituted with one substituent selected from tiie 
group consisting of hydroxy, acyloxy, alkoxycarbonyloxy, alkyltbiocarbonyloxy, and 
aryloxycarbonyloxy, attached to a carbon atom tiiat is three atoms &om an oxygen attached to 
25 the phosphorus; 

W and W* are independently selected fix>m the group consisting of -H, alkyl, aralkyl, 
alicyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R^; 
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Z is selected fiom the groiq) consisting of -€HR^OH » -CHR^OC(0)R^ 
<3IR^0C(S)R\ -CHR^OC(S)pR\ -CHR^0C(0)SR\ .CHR^0CX>2R\ -OR^ , -SR^ 
^ani^Na, <ai2aiyl, -CH(aryl)OH, 

^COR^ -0CC)2R\ -SCOR^ -SCX)2R\ -^IHCOR^ -NHC02R^ -CHjNHaryl, -(CH2)p-OR^ and 
5 -(CH2)p-SR^ 

R^isanR^or-H; 

R^ is selected firom the group consisting of alkyl, aryl, aralkyl, and alicyclic; and 
R' is selected fiom the group consisting of all^l, aralkyU and alicyclic; 
p is an integer finom 2 to 3; 
10 with the provisos that: 

a) V, Z, W, and W are not all -H; and 

b) when Z is -R^, then at least one of V and W is not -H, or -R^; and 

M is selected &om the group that attached to PO3 , P2O6 or P3O9 is biologically active 
in vivoy and that is attached to the phosphorus in formula I via a carbon, oxygen, or nitrogen 
15 atom; 

and phannaceutically accq>table prodrugs and salts thereof 

256. A prodrug for use in treating hyperlipidemia by administoing to an animal a 
compound of formula I: 




20 

I 

wherein: 

V is selected fiom the group consisting of -H, aUcyl, aralkyl, alicyclic, aryl, substituted 
aiyl, heteioaryl, substituted heteroaryl, 1-alkenyl, 1-alkynyU and -R^ or 
25 together V arid Z are coimected via 3-S atorns to form a cyclic group, opticmally 

containing 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycaibonyloxy, or 
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aryloxycaibonyloxy attached to a caibon atom that is three atoms from an osgrgen attached to the 
phosphorus; or 

together V and Z are connected via 3-S atoms to form a cyclic group, optionally 
containing 1 heteroatom, that is fused to an aryl group at the beta and gamma position to the 
5 oxygen attached to the pho^horus; or 

together V and W are connected via 3 caibon atoms to form an optionaUy substituted 
cyclic group containing 6 caibon atoms and substituted with one substituent selected from the 
group consisting of hydroxy, ai^loxy, alkoxycaibonyloxy, alkylthiocaibonyloxy, and 
aiyloxycarbonyloxy, attached to a caibon atom that is three atoms from an oxygen attached to 
10 die phosphorus; 

W and W* are independmtly selected from the grotq> consisting of -H, alkyU aralkyl, 
alicyclic, aryl, substituted aiyl, heteroaryl, substituted heteroaiyl, 1-alkmyl, 1-alkynyl, and -R^; 

Z is selected from the group consisting of -CHR^OH , -CHR^OC(0)R^, 
.CiEIR^OC(S)R\ -CHR^OC(S)OR\ -CHR^0C(0)SR\ -CHR^0C02R^ -OR^ , -SR^ 
1 5 -CHRH. -CHzaryl. -CH(aryl)OH. -CH(CH=CR^)OH. -CH(CsCR^)OH, -R^ , -NR^, 

-OOOR^ -0CQ2R^ -SCOR^ -SCQ2R^ -NHCOR^ .NHCQ2R^ -CHaNHaryl, -(CH2)p-OR^ and 
-(CH2)p-SR^ 

R^isanR^or-H; 

R^ is selected from the groiQ) consisting of alkyl, axyl, aralkyl, and aUcycl^^^ 
20 r' is selected from iht group consisting of alkyl, aralkyl, and alicyclic; 

p is an integer from 2 to 3; 
with the provisos that: 

a) V,Z,W,andWarenotall-H;and 

b) v/hm Z is -R^ then at least one of V and W is not -H, or *R'; and 

25. M is selected from the group that attached to PO3 , P206^, or P309^ is biologically active 

in vrvD, and that is attached to the phosphorus in formula I via a caibon, oxyg^ or nitrogm 
atom; 

and phaimaceutically accepjtable prodrugs and salts thereof. 

30 257. The prodrug of claim 256 wha:ein the hyperlipidemia agent is a squalene synthase 

inhibitor. 
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258. The prodrug of claim 257 wharein said squalene synttiase inhibitor is selected 
fiom the group consisting of l-hydioxy-3Kmethylpentylanimo)-propyBdene-l J-biq>hosph^^^ 
acid, BMS 18774S and analogs thoreof. 

5 259. A prodnig for use in treating parasitic infections by adniinistCTing to an animal a 

compound of formula I: 




I 

wherein: 

10 V is selected fiom the group consisting of -H, all^l, aralkyl, alicyclic, aiyl, substituted 

aryl, heteroaryl, substituted hetaoaryl, 1-alkenyl, l-alkynyli and -R^ or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containmg 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycarbonyloxy, or 
aiyloxycarbonyloxy attached to a carbon atom that is three atoms fiom an oxygen attached to the 
15 phosphorus; or 

together V and Z are cormected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatoni, that is fiised to an aryl group at the beta and gamrna position to the 
oxygen attached to the phosphorus; or 

together V and W are connected via 3 carbon atoms to form an optionally substituted 
20 cyclic group containing 6 carbon atoms and substituted with one substituent selected fiom the 
ffoup consistmg of hydroxy, acyloxy, alkoxycarbonyloxy, alkylttiiocarbonyloxy, and 
aryloxycarbonyloxy, attached to a carbon atom fliat is three atoms fiom an oxygen attached to 
the phosphorus; 

W arid W are indqioidcntly selected fiom the groiq) consisting of -H, alkyl, arallqrl, 
25 alicycUc, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, l-alkynyl, and -R^; 
Z is selected fiom the group consistmg of -CHR^OH , -CHR^OC(0)R^ 
-CHR^OC(S)R\ -CHR^0C(S)0R\ .CHR^0C(0)SR\ -CHR^0C02R\ -OR' , .SR^ 
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-CHR^Ns, -CHaaiyl, .CH(aryl)OH, -CH(CH=CR^)OH, -CH(CsCR^)OH, -R^ , -NR^. 
OCOR\ -0C02R\ -SC0R\ -SC02R^ -NHCOR^ -NHC02R\ -CHjNHaryl, -(CH2)p-0R\ and 
-(CH2)p-SR^ 

R^isanR^or-H; 

5 R^ is selected fiom the group comisting of alkyl, aiyU aralkyl» and 

R^ is selected from the group consisting of alkyl, aralkyl, and alicyclic; 
p is an integer finom 2 to 3; 
with the provisos that: 
a) V, Z, W, and W are not all -H; and 
10 b) when Z is -R^, then at least one of V and W is not -H, or -R^; and 

2-5. A 

M is selected from the group that attached to PO3 » P2O6 , or P3O9 is biologically active 
in vivo^ and that is attached to the phosphorus in formula I via a catbon, oxygen, or nitrogen 
atom; 

and phannaceutically acceptable prodrugs and salts thereof. 

15 

260. A prodrug for use in delivering diagnostic imaging agents to the liver comprising 
administration to an animal of compound of formula I: 




I 



wherein: 

20 V is selected from the group consisting of -H, alkyl, aralkyl, alicyclic, aryl, substituted 

aiyl» heteroaiyU substituted heteroaiyl, 1-alkenyl, 1-aIkynyl, and -R^; or 

together V and Z are connected via 3-S atoms to form a cyclic group, optionally 
contaming 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycarbonyloxy, or 
aryloxycaibonyloxy attached to a caibon atom that is three atoms from an oxygen attached to the 

25 phosphorus; or 
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together V and Z are connected via 3-S atoms to fonn a cyclic group, optionally 
containing 1 heteroatom, that is fused to an aryl group at the beta and gamma position to the 
oxygen attached to the phosphorus; or 

together V and W are connected via 3 caibon atoms to form an optionally substituted 
5 cyclic group containing 6 carbon atoms and substituted with one substituent selected from the 
group consisting of hydroxy, acyloxy, alko3(ycaibonyioxy, alkylthiocaibonyloxy, and 
ary loxycaibonyloxy, attached to a caibon atom ttiat is three atoms from an oxygen attached to 
the phosphorus; 

W and W are independently selected from the groiq) consisting of -H, alkyl, afalkyl, 
10 alicyclic, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R^ 

Z is selected from the group consisting of -CHR^OH , -CHR^0C(0)R\ 
.CHR20C(S)R\ -CHR^OC(S)OR^ •CHR^0C(0)SR', -CHR^0CQ2R^ -OR^ , -SR^ 
-CHR%, -CHzaryl, -CH(aryl)OH, .CH(CH<3l^)0H. .CH(CsCR^)OH, -R^ , -NR^i, 
-OCOR^ -0C02R\ .SC0R\ ^CQ2R^ -NHCOR', -NHC02R\ -CHaNHaryl. -(CH2)p-0R^ and 

15 -(CHiVSR^; 

R^isanR^or-H; 

R^ is selected from the group consisting of alkyl, aryl, aralkyl, and alicyclic; and 
R^ is selected from the groiQ) consisting of alkyl, aralkyl, and alicyclic; 
p is an integer from 2 to 3; 
20 with the provisos that: 

a) V,Z,W,andWarenotaU-H;and 

b) when Z is -R^, then at least one of V and W is not -H, or -R^; and 

M is selected from the group that attached to ?0^\ fiOe ', or is biologically active 
in vrvo, and that is attached to the phosphorus in formula I via a carbon, oxygen, or nitrogm 
25 atom; 

and pharmaceutically acceptable prodrugs and salts thereof. 

261. A prodrug for use in making a prodrug of a compound drug having a -POa^" 
moiety comprising. 
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a) transfonning said phosph(on)ate into a compound of formula 1: 




I 

wherein: 

5 V is selected from the group consisting of -H, alkyl, aralkyl, alicyclic, aiyl, substituted 

aiyU heteroaryl, substituted hetaroaiyl, 1-alkenyl, l-alkynyl, and -R^; or 

together V and Z are connected via 3-5 atoms to form a cyclic groiq)» optionally 
containing 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycarbonyloxy, or 
aryloxycarbonyloxy attached to a carbon atom that is three atoms from an oxygen attached to the 
10 phosphorus; or 

together V and Z are coxmected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, that is fiised to an aryl group at the beta and gamma position to the 
oxygen attached to the phosphorus; or 

together V and W are connected via 3 carbon atoms to form an optionally substituted 
1 5 cyclic group containing 6 carbon atoms and substituted with one substituent selected from the 
group consisting of hydroxy, acyloxy, alkoxycarbonyloxy, alkyltfaiocarbonyloxy, and 
aryloxycarbonyloxy, attached to a carbon atom that is three atoms from an oxygen attached to 
the phosphorus; 

W and W are independently selected bom the groiq) consisting of -H, alkyl, aralkyl, 
20 alicyclic, aiyl, substituted aryl, heteroaryl, substituted heteroaryl, l-alkenyU 1-alkynyl, and -R^; 
Z is selected from the gco\xp consisting of-CHR^OH , -CHR^OC(0)R^ 
-CHR^OC(S)R\ -CHR^0C(S)0R\ -CHR^0C(0)SR\ -CHR^OCX)2R^ -OR^ , -SR^ 
-CHR^N3, -CHaaryl, -CH(aryl)OH, .CH(CH=CR^)OH, -CH(feCR^)OH, -R^ , -NR^, 
-0C0R\ -0C02R^ -SCOR\ -SC02R\ -NHCOR^ -NHC02R^ -CHzNHaryl. -(CH2)„-0R\ and 
25 <CH2)p-SR^ 

R^ is an R^ or -H; 

R^ is selected from the group consisting of alkyl, aryl, aralkyl, and alicyclic; and 
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is selected fit>m fhe group consisting of alkyl, ara^ 
p is an integer from 2 to 3; 
witti the provisos that: 

a) V.Z,W,andWarenotaU-Itand 

b) when Z is -R\ then at least one of V and W is not -H» or -R^; and 

M is selected ftom the group fliat attached to ?0^\ TiOe^ or P309^ is biologically active 
in vivo, and that is attached to the phosphorus m formula I via a carbon, oxygen, or nitrogen 
atom; 

and phaimaceutically acceptable prodrugs and salts thereof. 

262. A prodrug for use in enhancing the pharmacodynamic half-life of a parent drug 
comprising a prodrug of formula I: 




I 

wherein: 

V is selected fix>m the group consisting of -H, aUcyl, aralkyl, alicyclic, aryl, substituted 
aryl, heteroaryl, substituted heteroaryl, 1-alkenyl, 1-alkynyl, and -R^; or 

together V and Z are connected via 3-5 atoms to form a cyclic group, optionally 
containing 1 heteroatom, substituted with hydroxy, acyloxy, alkoxycaibonyloxy, or 
aryloxycarbonyloxy attached to a carbon atom that is three atoms fiom an oxygen attached to the 
phosphorus; or 

together V and Z are connected via 3-5 atoms to form a cycUc group, optionally 
containing 1 heteroatom, that is fused to an aryl group at the beta and gamma position to the 
oxygen attached to the phosphorus; or 

together V and W are coimected via 3 carbon atoms to form an optionally substituted 
cyclic group containing 6 carbon atoms and substituted with one substituent selected fiom the 
group consisting of hydroxy, acyloxy, alkoxycarbonyloxy, alkylthiocarbonyloxy, and 
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aiyloxycaibonyloxy, attached to a caibon atom fbat is three atoms from an o^en attached to 
the phosphorus; 

W and W are iiidq)eadeiitly selected fiom the group consisting of -H, allgrl, aralkyl, 
alicyclic, aiyl, substituted aiyl, hetooaryl, substituted heteroaiyl, 1-^enyl, l-alkynyl, and -R'; 

Z is selected fiom the group consisting of-CHR^OH , -CHR^0C(0)R', 
.CHR^S)R^ -CHR^C(S)0R\ -CHR^O)SR^ -CHR^0C02R\ -OR^ , -SR^ 
-CHR^s. -CHjaiyl, -CH(aryl)OH, -CH(C3i=CR^)0H. <3I(OCR^)0H, -R^ , -NR^, 
jOCORK -0C02R\ -SCOR^ -SCO2R', -NHCOR^ -NHCOjR', -CHaNHaiyl, -(CH2)p-0R^ and 
-(CH2)p-SR^ 

R^isanR'or-H; 

R^ is selected fiom tiie group condsting of alkyl, aiyl, arallcyl, and aliqrclic; and 
r' is selected firom &e group consisting of alkyl, arallcyl, and ali<^clic; 
p is an integQ- fiom 2 to 3; 
with the provisos that: 

a) V, Z, W, and Ware not all -H; and 

b) when Z is -R^, tiien at least one of V and W is not -H, or -R'; and 

M is selected fiom tiie group that attached to PO3'', P2O6'", or P309^ is biologically active 
in vfvo, and that is attached to die phosphorus in formula I via a carbon, oxygoi, or nitrogen 
atcmi; 

and pharmaceutically acceptable prodrugs and salts thereof 

263. A prodrug of claim 1, where alpha, hydrogoi, and the phosphoryl oxygoi are in 
as configuration. 
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